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ABSTRACT 

construction One is a programed text on building 
construction being used in the first term in' the' School of • 
Architecture^ Nova Scotia Technical College. Illustrated throughout 
with rliagramatic line drawings, the text is set up'witb a pretest, 
specific work assignments in the text, and a comprehensive post-'test. 
The individualized course is designed to be used in a laboratory 
setting and is applicable for students with or without any prior 
knowledge of* building construction. -(MB) 
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INTROD-UCTION 



In early times Mans demand for shelter was very simple. As time progressed . ^ 
and numbers grew he was forced to leave those areas of this Earth where living ^ 
was sufficiently easy that shelter was unjmportant, to areas where^ satisfactory 
shelter became a matter of the conti-jiuarice of life itself. ... 

. .. . / : 

■The te.chnoiogy' of providing satisfactory shelter is the technology of Build^, .^ 
Construction. • ^ 



It is the Intention of this device to demonstrate the principles of building 
con struct- ion. 



Tr^nk Eppol I 
Hal i tax, N.S , 
September 1973, 



The simplest function of a building Is to provide shelter. * ' . 

To* proVlde shelter thftre must be elements^-tb- enclose space at Its most basic 
level, these elements are- horizontal and vertical. The horizontal el^merat- 
above the space is the roof ^ , This horizontal element -must exclude tfie.- elements 
and carry loads in the form.cH^ snow or water as wel l as its own weight. -The 
self weight of the roof is called a dead toad.^' . • ^" ' 

The Imposed loads due to snow or water or* any other .force is cal led the 1 1 ve ^ 
load. " ' . . ^ 
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d&ad load 



live load 



The roof ''Is a . . ' * element, 



It must-support (a)' live / (b) dead load. 



If you* checked (a) turn to page':j(3) 

If you checked (b) turn back to page ( 1) 



o 




The Voof supports a I i ve load. 



The dead load. is. that load which- Includes all the materials forming a roof. . 
For example a- pitched roof might consist of wood ridge board rafters and 
ce 1 1 1 ng jo I sts , sheath I ng » roof finish and cei I ing . ^ ' 



roof finish 




A flat roof might consist of wood roof Joists boarding tM^'-fi4let or 
cant strip ^ roof finish , cei I Ing and fascia, . . 



The load bearing member In a wqpi flat roof .Is known as a (a) (rafter) 
(b) {jo!st) (Chebk.one). v ^ 

If you cheQke^J (a) 'Turn to'^age 6) . ^ - 

If >ou checked (b) Turn to page 5) • 
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The carryiri% of a load on any mefnber will cause it *to move downwards^ 
Th-is is known as def lection . 



The load bearing 'member Is a wood flat roof is known as a Joist * • 

The Inclined member is known as a rafter. ^ 



i 




Rafters are frequently used In conjunction^ with a support known as a truss, . 

A truss consist^^jof a series of members braced to provide greater support 
than Is possible with the same materials covering greater spans* 

* The truss uses the principle of tri- 
angulation ^ as well as shQrtening 
the effective span of the members 



,^the Joist Is a simple m^ember to' span space. 



V 



Typical Truss , 
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Movement 



Deflection is important in itself, but so far as practical construction 
Is concerned it is just as Important to cons-ider the effect upon junctions 
between simi lar and dissimi lar'materials caused by movement.- . ^ 

Movement can be produced in many ways other than "deflection. For example 
•a reduction in temperature causes shrinkage, a rise in temperature , ex- 
paSision. "A change in humidity produces movement.. And loading, be it 
caused by natural .or artificial means, of course, affects the .dimensional 
stability of structure i materials. . , 
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BEST COPY AVAILABLE 



The size of joists to span a given distance carrying a given 
load Is determinable from tables or by calculation. 
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- — 


Noit'insl 
inthti 




Ll\r. I.UAI> ^0 It* pv-r ft 




(Mhrr CciHnc* 






l*>n. j Uin. j CJi'i. 


21 in. 


i:io. 




'•U ID. 


24 io. 


! 1 

/; 1/; >«. 


<t in. 


! • 

/ in.l/t in. 


// h\ 


A in: 


Eutrrn Spiuce (3) 
liaUuM 1 .r 


No. 1 

(Consttuc* 
ticn) 


2 1 6 
2 1 S 
2 1 10 

2 1 1: 


0 0-8 2 1 7 7 
i: 4 1 11 2 MO 5 
i:. 7 ' U 2 1 13 1 
!S S 1 1? ^0 1 15 S 


7 2 
9 lii 

5 

14 11 


10 4 
It J 

17 {3 
2\ 5 


9 0 
12 4 
li 7 
19 5 


- 8 1- 

\y 0 

11 0 
18 0 


7 4 
10 1 
8 

16 4 


No. 2 
(SUndtfJ) 


2 1*6 
2 s 8 
'2 ( 10 
2 t 12 


•) 0 
12 4 
15 7 
IS 8 


7 10 
11 ^ 2 
14 2 
17 0 


7 ii 
ID 5 
13. 1 
I5i 8 


0 5 
9 6 

i: 1 

14 11. 


0 

13 5 
17 1 
21 5 


7 10 
11 7 
14 10 
19 5 


7 0 
10 5 
13 4 
17 7 


6 5 
9 6 
13 t 
16 0 




No. 1 

'Of^itXUC* 

tion) 


2 1 6 

2 I .H 
U A 10 
2 1 12 


9 4 

12 8 
I'j U 
19 2 


8 5 
11. 6 
14 7 
17 7 


7 10 
10 S' 
U 6 
16 2 


7 5 
10 0 

i;' s 

15 2 


la 7 

14 6 

15 'j 
22 1 


13 2 
H S 
20 0 


8 8 
11 10 
15 0 
18' 7 


7 U 
10 10 
13 ' 8 
17 6 


No. 2 


2x6 
2 t 8 
2 1 10 

' 1 12 


9 K 

i: 8 

15 0 
19 2 


S 5 
11 6 
14 7 
17 7 


10 8 
13 6 
16 2 


6 11 

10 0 

u s 

15 2 


9 8 

14 5 

15 6 
•22 1 


12 

IS 11 

20 0 


7 .6 
fl 1 
14 2 
18 7 


• 6' 1 
10 3 
13 0 
17 2 


'■ 1 

IVhitt Pine / 
Red Pine ^ 


No. I 


2 X 6' 
3x9 
2 X 10 
2 X 12 


3 8 
11 11 
15 1 
13 1 


7 11 i 7 5 
10 10 \ 10 0 
13 8 ; 12^ 8 
^6 5 ! 15 " 2 


6 11 

9 

12 0 
14 5 


9 10 
13 5 
17 0 

20 lOi 


8 6 

11 7 
14 8 
M 10 


7 ' 7 
10 5 
13 1 
16 10 


6 U 
9 6^ 
12 0 
15 5 


ftble ^ 

sr.d No. 2 


2x6 
2 x 8 
2 X 10 
2 X 


8 8 
11 11 
15 1 
H 1 


7 10 i 7 0 j 6 5 
wlO 10 9 8 8 11 

h3 a 12 6 ir 5 

16 5 ! 15 2 ! 14 5 


9 0 
12 7 
16 1 

20 10 


7 10 

JO n 

13 11 
13 4 


> 0 
9 8 
12 6 
16 6 


6 5 

' 8 11 
11 5 
15 0 


No. 1 . 
DimenflioA 


2x6 
2 X 8 
2 X 10 
2 X 12 


8' 6 
11 11 
15 1 

^\ A 


7 5 ! 6 7 16 C 
10 5 9 4 1 8 6 
n 8 1 12 G { 11 5 
16 5 : !5 2 ; 14' 5 


.S 6 
12 0 
IG 1 

6 7 
9 4 

12 Jt 
15- 10 


T J 
10 5 
13 11 
17 6 


6 7 
9 4 

12 6 
15 9 


6 0 
8 6 
11 5. 

:4 5 




2 X « 

2 X 8 
2 X 10 
2 X 12 


6 7 
4 

i: % 

]j . 10 


5 S 1 5 J ' 4 7 
8 0 17 2 16 6 
n 0 . 9^ 11 : 9 0 
13 • 8 1 IC 5 : 11 2 


s a 

^ 8* 0 
'.! 0 
13 S 


5 1 
7 2 
9 11 
12 5 


4 7 
6 6 

9 0 
It 2 


Poplw 


No, 1 
t.on) 


2x6 
2 X 8 
2 X 10 
2 X 12 


8 S'J 7 11 i T 5 < • 11 

n 11 i 10 ifi«. in 0 i 6 
I', 1 13 0 . i:* " 12 0 
15 1 ! 16* 5 j 15 2-14 5 
1 '-^ 


0 10 
13 5 

i: 0 

',0 10 

•~T 

12 6 

1^ 1 
JO 10 


S 6 
U 7 
U > 
1$ 10 


7 7 
10 5 
13 1 
16 10 


6 \X 
9 6 
12 0 
15 5 


No. 2 
(Sundsrd) 


2 X 6 
2 X 8 

2 X 10 

3 X 12 


S 6.7'5i5 7=6 0 
11 11 i 10 -.10 1 9 8 18 11 

r> 1 ' 13 .s ' i.» 6 . !i :. 

U i ; 16 • 5.1 .i; 2 1 14 5 

' 1 i i 


10 It 

n 11 

IS 4 


6 7 
9 8 
12 6 
16 6 


6 0 
8 11 
11 5 
t5 0 



'It can be seen that the load carrying capacities of wcx)d varies 
with species. - 

!n the Maritime provinces the most used lumber is naturally thaf ^ 
produced . I oca 11 y/that fsj^j Eastern Spruce, and White Pine. 

Most other species can be obtai.ned, but are more expensive. In 
part icula,ry^ouglas Fir is 'a preferred alternative for longer spans, 
as local lumber suffers from limitation ift, avai lable sizesi 
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The effective span ia the distance between supports, and not the actual 
length of the member,^ 

The ends of the joists are supported at what is known as the bearing. 
The bearing must nof be less than arrd preferably more. 



effective span 



y 




bearing 



^^bearing 



effective 5pan 
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"The effective span (is) ^is not,) the actual length' of a joist. 



a*, is 



b. Is not 
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If you checked a. turn to page 9 
If you checked b.- turn to page .13 



The area of Joist support Is known as the.. 
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Joists as well as- 'deflecting with the imposition of load "also have a 
tendency to overturn. - f ^ . 

This ^uckl in'g causes an apparent increase in deflection and results in 
springiness in the surface. ' ' " 

To coyntetact this effect members known as brl dgt ng are Inserted between 
the joistsX * , ' 



Bridging may be diagcnal or sol i^j. 



b) The two m 




'^-r— Joist.'".. 



•diagonal bridging 2" X 2" 




sol Id bridging ■ 
^ (staggered) 

1 : . 



Is required- tb counteract, buck I ing 
:)ds are known as ^ ■ ' and 

/ 
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a. Bridging ^ " 7^ 

b. solid bridging, diagonal bridging 

Bridging Ts located at half span or at 8'0" o,c. across the span, and at 
ends of joists at' their bearing. 



7 
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The joist does not bear directly upon Its final support/ . In order to 
provide a sati-sfactori ly level bearing which is nailable, a member 
known as a plate is introduced beneath it mechanically connected 
^to bearing surface. " * ^ 





plate . 
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a. 



b. 



Bridging is required at^ 
and at 



at 



Between tlje joist and the bearing, surface ^ 
is located. 



r 
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a»- Bridging. is required at 8^ 0" o>Ct' at half span a nd, at ends of joists 
at 1hei r bearing , ' ' o ' . 

• If you did no1 get the answers above turn to p*. Tl 

b» Between the joists and the bearing surface a plate is located. 

If you did not get th.ls answer turn to page I3» 
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In the case of a- C9ncrete wall. It Is neccessary either to embed the plate 
Jn cement mortar or'on a prepared surface^ with the Interface caulked. 

This Is neccessary to ensure that^ ' ^ 

^a. the plate is- level. ' / ' . * . 

b. an ciirtJ.gfvt joint As made. 



jtCheck correct answer.) 
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Both answers are correct I - ^ > 

* » 

The plate must be both level and must have as airtight a connection as possible. 

In order to prevent rott^g* of plates, they should be treated with preservative .. 

To ensure that the structure cannot be blown or moved from its location on the 
foundation walj it must be fastened 'down^with an anchor bolt. 



Anchor bolts must be provided at at leasT^^^S'O" o^ must >e a inimimum of 1/2" 
dia., and embedded in concrete at least 4", hooked tp. prevent .with dfawa I . 



4f T 




. _^ \ ^ 



For what purpose Is an anchor bolt useci? 



a. To prevent structure from shipping o/f supports. 

b. To locate structure to suppori 

c. Toehold structure down 




(Check onfe) 
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If you checked c. turn to page 20 
If you checked a. or b. turn to page 16 
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c. To bold structure down, against the effects of wind, and In fact it 
also fulfils the needs of b..and c. . 

Preservative treatment of wood is essential where it is. directly In 
contact with concrete, due to the fact that moistu^he can be held ^ 
between the two material s, 'thereby providing ideal conditions for the 
growth of 'fungi'. . , ■ 

Preservatives are^actually compounds pqjsonous to fungi. (for a ful-l 
discussion of fungi refer to appendix) ' . . 
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Obviously between roof gnd supports, there must be a support member 
or plane to transmit the load. . 

This '^an t-ake many 'forms. For our present purposes vie will consider 
the light wood framing system. There are* generally two broad class- 
ifications 9f ligfvt wood frame. The Platform frame and the Bal loon 
frame . / . 

The essential, difference* between the two lies.in the method of 
. Ideating floors. ' 

In Platform^ frame , the studs are storey height, the floor jois+s being- 
located on top of the joists, supported on the stud^fram'e, to provide 
a working platform for the next construction sequence. 

In Bal loon frame the studs are carried the full height of the building, 
and'the floors^are connected to them subsequently. 



f ire stop 



ioi st 



■\")< 4-" r I bbon 



I 



Bel! 
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plat's 
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Studs are commonly nominal 2" X 4", that Is^ they are not the full size 

stated. .Up until recently the actual size of a 2" X 4" wa's I 5/8" X 3 5/8", 

as a result of setting the saw blades at the mill at. the nominal centres. * 

Now however sizing has been rationalized so that a 2" X 4" is new 1 1/2" X 3 1/2"^ 

Remember th^t all lumber* sizes are nominal e.g. 2" X 10" nominal Is I 1/2" 9 1/2" 

actual; 3" X 12" nominal Is 2 1/2" X II 1/2" actual, and so on. , 

The basic d^Jference between the two majo^ types of light wood frame construction 

Is that In ; frame the studs are continous through the height 

of the bui Idlng whereas in b) . frame, the sub floor acts . 

as a surface upon which subsequent operation can be carried out. ' 
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Ba I f oon Frame 

SIM Plate or Plate a horizontal member Interposed between studs and the support 

Joist a horizontal * load bearing member. • . ' 

Stud vertical load carrying member usually placed .at 16" or 24" o.c. 

Ribbon the horizontal member used as part locatior and part support for secon^d 
and above floors in balloon frame. 

Brace a v.iagonal member used io provide- resistance to lateral movement. 

Bridging member used to reduce effective length of supports Snd so rigidify the 
structure. 

' \ 

Ftrestopping a member minimum 2" nominal thick. to reduce the rate of transfer of 
flame between floors.. 

Sheathing a thin materia I ,app I led to the^ outside of a framed structure to make 
. it rigid. " • . • 

^Sub flooring the rough (frequently diagonal) floor laid immediately, on top 
of joists. - • ... 

Girder or built up beam A composite member used to reduce span and therefore, 

size of joists. 

Ledger a member attached to the side of a bui It up beam to enable the beam to 
be raised in relation to the floor beneath. 

Advantages of Balloon frame: a) "Rigidity over ent.ire structure 

b) Elimination of settlement variations. 
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From the preceding pages' you should now understand tho overall concept of 
the Bafloon frame. • . ° 

Construct a model at a scale of 3/4" = fO" of ' ' . ' 
a corner of a typical balloon frame. 

Name all the parts. The model should be. extensive enough t^at additional 
aspects may be explored later, such as door & window openings and internal 
partitions, etc. . . 

Produce a sketch. of your model in axonometrlc pro^ctior to a scale of 
your own choosing. ^ ^ ^ * 

^ Turn to page 27 before carrying out this task. f 



30 



V 



27 



You have no doubt realized that there are some apsects which you do not 
understand. ' ' 



How do you construct th'e corners? 



Plan 



like this? 



Ike this? 



3 



like this? 



3 



or like this? 



3 



1 



Check one. 



/ 
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^D^ Is'the preferred method of constructing the corner. It provides ^he 
•greatest rigidity with the minimum material, while providing full nailing 
capabfll+y ort both inside and outside corners. • » ' 

Note that none of the other examples provide this advantage. 

Do. you kfipw how to place your diagonal bracing on. the frame? 



/ 



like this? 



A 



I Ike this? 



or like- this? 
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Of the alternatives presented only Is appropriate' because otherwise 
the sheathing or interior finish would have to be cut around the diagonal 
brace, at the expense of much increased labour and wastage of materiaj. 

Sometimes permanent bracing Is not provided, the sheathing providing 
permanefit lateral restraint. In this case temporary studs are removed 
just prior to sheathing Installation. This is not however, considered 
to be best practice. - , 
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In order to connect the rafters and^cefUng joists to The frame they must 
be cut to provide a. good bearjng. This Is Known as notch I ng or bird mouth In 




What Is the purpose and what Ls a "ribbon"? 
•* • • ♦ 



\ 



A. 



Wha1 are the advantages of Balloon Framing? 
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1) The Ribbon Is, the member used to^ support and locate 2nd floor jofsts 
In Balloon frame constructlgn. 

2) The advantages of Balloon frame construction are Its rigidity and the 
equalization of "settlement. As aresult^lt Is the preferred form of 
construction where brick or stone veneer ts to be used^ln the construction 
system. • ' " - 




It does not require lumber in the lengths essen/fial for other>constructIon 
methods, and it lends itself to a form of prefabrlcafion. 

As Balloon frame, the platform frame commences with a sill plate, but the 
studs do not rise from' this plate > All studs can be precut to a standard 
lengthy. Joists and firestopping are placed, and upon this Is constructed, 
the sub floor. This now acts as a working platform for the storey under 
construction. . 

Walls are commonly prefabbed on the platform, and tilted up Into position. 




/ 




wall Z. 



The double plate is a necce'sslty because of th<ls form of construction 
they must cross link at the'corners. 



The load carrying components In framed constructions are krfown as 
a) studs b) joists 

(check one) 

If you checked (a) turn to page 36. - , 
If you checked (b) turn to page 6* . ' 
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For mstance. Gypsum wall board, plywood , plastic laminates all come In. the 
standard size of 4» X 8' , 
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Solution a 
Solution b 
Solutiorr c 
Solui ion d 



2" X 6" § 16" o.c. 

2" X 8" @ 12" o.c. 

2" X 6" @ 16" o 

2" X- 8"-« 12" o.c. 



A board foot of wood of any given grade and species wilT not vary slgnificanWy 
to size of finished member. 

So a direct comparison between cholcl^s can be made-. 

A board foot Is a piece of lumber 12" wide 12" long an^ T" thick. So that 
12' X 12" X I" nominal board is 12 bd/ ft. and'l2' X 2".X 4" nominal stud 
Is 6 bd» ft. For comparison aniy solution a. would require 26 jofsts, each 
20* X 2" X 6'\\.e.y 520 bd. ft. for joists plus 30 X 5 X 2" X 8" ^ 120 bd.ft, 
for a total 'of 640 bd.f't. . 

Solution b. wouldVequIre 22 joists each 30'. X 2" X 8" i.e. 880 bd.ft;* for 
joists plus 20 X 3 X 2" X 8" 80 bd.ft. for a total 960 bd.ft. 

So It can be seen that quite obviously solution a Is more economical than 
solution .b because It uses less material.. However, this does not explore the • 
entire situation as b. requires fewer posts., .and Jeaves The area beneath tne 
floor clearer, and depending upon what factors are of greatest importance, the 
final decision may favour another solution. 

Assuming that posts in a', and b. are 8'0" long, how many bd. ft. of I umDer is 
involved? 



a. 
b. 



bd. ft; 
bdo ft. 
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One of the reasons that studs are placed l6"o.c. Is because 
of the standard sizes of sheet materials. 

However, as well, it should be understood that loadlncj must 
be taken Into account when sluing and placing studs within 
a frame wall or partition. 

Loading can be. simply assessed by referring to the. appropr la 
codes such 'as that reproduced frame the 1970 NBC below 



size AND SPACING OV STUDS 


Type 
of 
Wall 


Supported Loaus Miniuunu 
(including dead Stud 
* ha<fK) ' Si/o 
. * in. 


Maximum' Maximum 
^ Stud Unsupported 
SiViCing, • • Hcislitr* 
in. ft. 


Interior 


Limited attic siovayo or no 2 by 3 
load ' or 

- 2by4C«> 


24 iO 


Full attic storage, or roof- 2 by 4 
load,orli4nitcd attic storage 
plus^ouc lloor 


24 12 ' 


• 

I^tll attic sioragc r ^nc 2 by 4 
floor* or roof load p ?nc 
f1oor» or jimiicd attic b 'ape 
plus two lloois 


16 . 12 


Full atiic siorago plus two 2 by 4 
llocis, or roof load p!u5 two 3 by 4 
floois * ' 2 by 6 


12 12 
)6 12 
16 14 


Full aliic stvir»;g': plus i-irce 2 by 6 
floors, or rooi* load plus 
three floors/ 


.* 12' 14 


Exterior 


Roof, with or Avi:l:oi t attic 2 by 4 
storaijc 


24 10 ^ 


Roof, witii or \vi;ho;.t attic 2 by 4 
stoKige 'pU:s one Moor 


16 10 


Roof, v-it'^ Of without attic 2 by 4 
siorar.o plus two lU ois 3 by 4 

2 by 6 


12 10 
16 10 
16 12 


Roof, With or wiihDui attic 2 by 6 j 12 6 
Stora>»*;.pIus thr^^ 0 h*:'S I 




: 3 14" 5 



4 



Or they may be calculated. 
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Openings must be provided for both ^externa! and Internal wallsjfbr windows 
and doors. . ' 

What ever^he opening, "a means must be found to carry the loads so that the 
area of support removed from the walls can be taken care of. If one did not 
transmit the load so that load was applied on the windows or'doors, the 
members woufd either deflect so that these components would be Inoperable or 
damaged, or in 'severe cases of overload, col lapse 'could occur. , 

» 

In order to spread the load over an openinq^a device known as a I Intol ls;Used. 

c 

plafe 




%VOOD LIXTEL SPANS 



Location 
of Lintels 



Interior 
Walls 



Supported Loads Including 
'Dead Loads and Ceiling: 



Nominal 

Depth 
of l.intels, 
in. 



Limited attic storage , 



4 
6 
' 8 
10 
12 



Full attic storapc, or roof load, or 4 
limited attic storage plus one tloor 6 

8 

; 10 

^12 



Full attio storage plus one floor, or 4 
roof load plus one floor, or limited 6 
attic storage plus two or three floors 8 

10 

i ' 12 



Full attic 5tO»'.'^CC.nliK two ot tlKCC ' 4 

floors, or roof load plus two or three , 6 

floors * ^ 

10 
12 



Exterior 
Wal!s 



erIcl 

I w\MUinii 1 



Roof, \v;;h or without "attic storage 



4 
6 
8 
10 
12 



Roof, .with or without attic storage 
plus one floor 



4 
6 
S 

10 
12 



Roof with- or v^ithout attic storage 
plus two or three floors 



4 
6 
8 

10 
12 



Ntaxinnim 
Allowable 
Spans, 
ft. — in. 



4-0 
6 0 
8 — 0 
10 — 0 
12-6 



2- 0 

3- 0 

4- 0 

5- 0 

6- 0 



2 — 6 

3- 0 

4- 0 
5 —.0 



2- 0 

3- 0 

3- 6 

4- 0 



4-0 
6-0 
8 — 0 
10-0 
12-0 



2 — 0 
5-0 
7 -t) 

8— 0 

9- 0 



1 
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The sketch i I lustrates a*''+;^pical opening for 
a door in an Internal partition on the lower 
floor in a two storey structure. Agalni;use 
can be made of tables as here, or^where the 
requirements are outside^he table may be 
calculatedi. 



An opening In a single storey building 
Interior stud wall is required. The opening 
need to be 6'0" wide. . What Is the 



wi 

minimum size of I into! 
b) 4" X 6" c) 2" X 



requi red? 
12" d) 4" 



a) 
X 



2/2" 
12" . 



2. 4«' X 8" f 2/2" X 8" g 2;' X 6" 
, Check appi icable 'size ' • 



2 — 0 
4-0 

6 — 0 ^ 
7-0 
S 0 

-71™ 
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It you checked a) or b) read on.. If you checked any others, turn back to 
page 39 and see If you can see where you^ went wrong* 

Openings are not only required In walls. Frequently there Js a need to 
provide openings in floors and roofs to perm^t the 'penetration of stairs, 
flues, elevators and so on. . * 

As It' Is obvious that the provision of an opening greater In size than thfe 
spacing of the structural^ members weakens the construct i,on, stops must be 
taken to restore adequate .strength to the areas afl^ected. 

This Is accomplished by the Introduction of headers ' across the span and 
trimmers parallel with the span. 




an 



For a span between 4'0 and 10' 8" headers should, be doubled. Trlmmprs, too, 
must be doubled when the length of -header Is between 2' 8" and 6'8" in length. 

Below these spans, single headers and trimmers can be used. Above these spans 
their size must be calculated. 
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The plan above indicates the extent of a. floor to be spanned. Sketch on 
the location and size of joists trimmers and headers required. Wcoa species 
Douglas Fir Standard grade. 
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Joists - 2" X 8", 16" o.c. 
Headers - 2/2" X 8" 
Trimmers - 2/2'' X 8" 

IT you did not get this result, turn back to p. .41 

Its fairly obvious that when connecting these members together It would 
be advantageous If the tops of all members were level. To achieve this' . 
they can either b^ nailed together or, preferably, a Joist hanger can be 
used. The problem with nailing Is that one Is forced to na-l I into end grain, 
and doing so can cause the wood to split, resulting |n loss of strength, 
and -additional ly, nails driven into end grain are too easily withdrawn^ 
resulting frequently in 'creaking* of the structure. 

Joist hangers are used for a variety of connections not only for connecting 
headers to trimmers. They can be used to connect jojsts to wood beams , 
steel beams and concrete or masonry walls, to mention only a few or their 
appi Icatlons. 



The joist hangers Is. usually constructed of galvanised sheet steel, bent 
to shape . 




c. carry two joists at same 

position oVer steel beam, concrete wall 
or masonry wa ( I . 
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A Joist hanger Is used to connect joists or. headers to 



a. 



b. 



c. 



Give three examples. 
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* -A Joist* hanger Is 'used to connect Joists or headers to 

a. wood or steej beams b. concrete or masonry walls 

. c. wood trimmers 

If you are not sure of your selection of answers to this question, 
turn back to page 42. 

Mor^roften than not It wllTbe found that floor joists wlH be 
required to span distances In' excess of their capacity. In 
this event the effective span must be reduced by the provision 
of additional bearing members. These may be either beams or 
walls , 

Beams may be sol Id wood ^ bul It. up wood ^ laminated wood or steel 
beams , i 

Walls nay be wood stud , concrete or masonry , ^ 

V ^ The table reproduced below 'Indicates, sizes of built up wood 
beams to be used in various conditions. 



BUILT-UP WOOD BEAMS IN BASEMENTS, 
CELLARS AND CRAWL SPACES, TWO-STOREY DWELLINGS 







Cndt 


ported 
Jovt 
UofUi 


SUc of buUt up beta, iaehti 


1-2SI 


V2II 


3-2 1 10 


4-2x10 


3.2s 12 


4-2x12" 




/< in. 


/I in. 


/I in. 


/I ttu 


ft in. 


/I in. 


W«ttfo Lvck 


CoMtmtio* 


• 

10 
- 12 
14 
11 




10 11 


12 0 
ID 9 
9 8 
ft 6 
7 • 


13 10 
12 S 

io 6 

9 6 


14 6 
13 0 
11 • 
10 4 
9 3 


11 f 

IS 0 
IS s • 

12 t 
11 • ' 


SUodtfd 


• 

10 
12 
11 
16 






10 9 
9 4 . 
8 1 
7 2 
6 S 


12 h 
11 1 
10 1 

9 0 

• 0 . 


13 0 
11 4 
9 9 
8 • 
7 9 


IS 0 
13 S 
12 3 
10 10 
f f 


NrificCoMi 
iackhnt 


Ko.l 
taoo) 


8 
10 
12 
U 
II 






10 . ? 

• 4 
7* 2 

• 4 
S 9 


11 10 
10 6 
9 0 

6 <» 

7 2 


"n \~ 

10 0 

'7 f 

J 0 


14 4 ' 
12 9 
10 11 
f t 
• • 


Ko.S 


• 

SO 
12 
14 
16 






6 4 

• 7 6 
• 10 
« 4 
S 9 


f ' • 
• • 

7 11 
7 4 
6 10 


10 9 
9 7 . 
• 6 
7 9 

7 0 


12 » 
11 1 
10 1 
f 4 
• • 


T1r(Afubi1it 
Md Cr»Ad») 

; Euum Uefilo<k 
Tint (Lodf fpote 
%lA Po0deroM) 


Ko.l 

iCofifliue* 
lion)* 


8 

SO 
12 
14 
16 






9 6 
7 11 
6 10 
t 1 
S • 


~ii o" 

9 10 
• 8 
7 • 

6 10 


11 6 . 
9 7 ^ 
8 4 
7 5 
• • 


13 4 
11«11« 
10 5 
9 3 
6 4 


Ko.2 
(SUad«/d) 


8 

10 
12 
14 
16 






7 9 
6 11 
6 4 

S 10 
5 6 


9 0 

5 0 
7 4 

6 9 
6 4 


10 0 
1 11 
• 2 
7 5 
6 8 


11 e 

10 4 
9 5 

• 9 

• 2 


WttUra Hid 

' . M iSnt 

WtsUrn HhiU) 
Lafiriooth - 
Biuua PopUr) 


Ko.l 

(Coftstiut* 
tionl 
(No. I 
Dtmtniion) 


8 

' 10 
12 
14 
16 






8 6 

7 3 
6 3 
5 7 

5. 1 


9 10 
8 9 

7 10 
7 0 
5 3 


10 • 
8 9 

7 7 
6 10 
6 2 


.12 6 
11 ^ 
9 < 
• ft 

7 7 


No. 2 , 
(Suadwd) 
(No. 2 

Oustftitoi) « 


• 

10 
12 
14 
It 




4 0 


6 9 
6 0 

• • 
& 1 

• 9 


7 f 

6 11 
f 4 
• 11 
S • 


8 6' 
7 • 
7 0 

• S 

• 0 


9 10 

• 10 

• 1 
7 ft 

7 0 



*9t 
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A floor consisting of 2" X.IO" joists @ l6"o.c. Is required to span 
20*0". Is posslbleto span this distance without additional support? 
a. Yes b. No ^ (Check I) ' " 

If no, ts your answer, and you have decided that a beam Is required, using 
table on p. 44, what Is Its size? 

The beam span Is limited to I2*0"c.c., and the lumber to be used Is 
construction grade spruce. 

a. 4-2" X 10" I'beam required at mid span. 

b. .4-2" X 12''' I beam required at mid span. 

c. 3-2" X. 12" 2 beams required at 1/3 span. 

d. 3-2-IO'I 2 beams required at 173 span. 

check your solution. 

Sketch your solution. 
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Unless the depth of the joist Is Increased and the spacing reduced a beam 
or some form of Intermediate support Is necgessary. 

The choice js between b and c, both of which solutions are adequate. 




Solution c So 
If you checked any other solution review pages 44, 45. 




ution b 
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.Now It becomes obvious that the beams^^arry Ing the floor are limited In* • 
length, and It Is frequently necessary to provide space In excess of the. 
beam spans available Again, use can be made of point supporfs - that Is. 
columns of wood, steel, masonry or concrete, or of continuous supports at 
right angles to rhe beams, that Is loadbearing walls of wood masonry or 

.concrete. 

In small scale construction (up to two stories) two types of columns 
support are used most frequently. The solid or built up wood post or 
the steel Jack post . 

The sI'Ze of columns should normally be calculated, but for small buildings 
there are minimum requirements. 

• Wood posts ' . ' * 

The diameter of a circular or wid"^h of a rectangular wood column must 

always be as great as the width of the beam it supports. Unless calculations 

prove otherwise, the minimum slz^i of wood columns are 8" diameter for round 

columns, 6" X 6" for rectangular ones.' They can be solid, glued laminated 

or built up^ Glued laminated columns are subject to compliance with CSA 

0177 which is a quali-f Iqationcode for Maniffactures of this kino of assembly. 

See appendix. 

Bui It up columns consist of a series of strips of wood the ful l length of , 
the final column, the same width as the finished column and 2" thick 



Steel Columns or posts 



Built up 8" X 8" column 
Consisting of 4-2" X 8" pieces 



wood, 



Steel pipe columns may be used In location's as for wood in which case they 
must be a minimum of 2 7/8" outside diameter with a wall thickness of 3/16" 
and be provided with l/4"*thlck 4" X 4" steel plates at each end.- 

A now acceptable variation on the steel column, much favoured by confractors 
Is the adjustable steel Jack pos+. This consisis of a heavy gauge tube into 
whic. is fitted a boss containing a heavy coarse pitchea threaded section of 
hardened steel which can be adjusted before and after installation for length 
It, too, has 4" X 4"' X 1/4" plates welded to each end. 

/' 

" / 



Tills provides a means to counter the effects of differential 




ement 



Whatever type of support Is used, ^ there must be secure fastenings provided 
O between all members'to prevent lateral movement. 
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A built up beam consisting of 3-2"" X 8" construction grade Douglas Fl 
carries a floor 20'0" X 30'. . • 

How many wood posts ^t what spacing are required? 

a. 3-6" posts at 7'6" o.c. 

b. 2/^X 6" posts at 6' 8" o.c. 

c. ^-6" X 6" posts at 10' 0" o.c. 

d. ^-6" X 6" post at mid span. . 

Check I and sketch your solution. 



Both a. 3-6" X 6" posts at 7 '6" o.c. 

1^ 



and b.-2-6" X 6" posts at 6 '8" o.c. 

t 
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A A 



•will serve. 



/ 



1 



A 



4 



2D' 



Note that. In each case, the actual span of the beam Is less than the o.c. 
spacing of the posts. ' / 

Solution c. exceeds the safe beam span, 

and the b«am would therefore have to 'be increased In size to 4-2" X 8" 

Solution D. Also exceeds the safe beam span^'and would require a beam size 
increase to either 3-2" X 12"*- or 4-2" X 10" 

The decision to place the beam on the long.pr short axis of the bu.llding 
Is influenced by many factors - length, sFze and cost of available lumber^ 
space requirements of spaces at the lower level and so on. Very simply, ^ 
the resultant floors could b^^ compared for quantity of wood. \ 

Estimate the sizes of joist required In each of solutions a, b. c. above, 
using construction grade Douglas Fir. " ' ' . " 
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a. '2 -6" X 6" posts 8' long = 72 bd. ft. 

b. 2 - X 6" posts 8' long - 48 bd'. ft, ' ' 

All members which transmit loads to the ground require footingso These 
are usually of concrete, often unre Enforced, and simpiy spread ±he load 
so that 'the ground bearing pressure is not exceeded, ' ' : 

in fact, it Is usually recjulred that loads on the ground* are limited to a 
maximum of 1/3 the ultimate ground bearing pressure. Most coajffl^ly/ 3000 
Ibs/I.n2 @ 28* days concrete is used for both strip and> pad footings. 

The table below indicates minimum fpotlrvg sizes. .Wcod -frame constructTon • 



^o^ of floors 
supported 


Minimum^ strip foctrnq widths 


9 

Minimum are^ of ColCimn 
' footings spaced not mope 
. than 8'0" o,c, wcod or 

steel 


Support! ng 

Fy+prfnr 1 Iq 


Supporting 

1 n+o p i p 1 1 c 
^ 1 1 1 1 d 1 Ui Tta 1 1 o 

V 


1 Wood 


■ 

in. 


8 In. 


4 1/2 sq, ft. 


2 Wood 
* 


14 in. ■■ 


14 In. 


•8 sq, ft. 


3 Wood 




20 In. 


II sqi ft/ 


1 Masonry* 
Veneer 


1? 


8" 




2 Masonry 
Voneer 


10 1/2" 


14" 




3 Mason r-v 
veneer 


20 1/2" . • 


20" 


•* 


1 Masonry 


15" 


13" 




2 Masonry 


19" 


19" 




3 Masonry 


23" 


25" 
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The continuous support bearing on ground and carrying a wall Is known 
as ^ (strip) (pad) footing. 

The support member^ bearing on ground and carrying a column or post Is 
known ^as a (strip) (pad) footing. 
* * 

The ultimate ability of the ground to carry load Is known as 
spread load 

ground, bearing pressu. ^ 

u Itfmate .grotind bearing pressure 

footir.j ^oad 

allowable ground bearl ng N^ressu^r?e 
(check appropriate descrlpNtlon)' 
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A. Strip footing ♦ 
. B. Pad footing 

C. Ultimate ground bearing pressure. 

The ground bearing pressure, or allowable ground bearing pressure Is the 
load on the ground which should not be exceeded. This Is usually 1/3 of 
the ultimate ground bearing pressure. 

The soil conditions are normal ly , derived from a soils or foundation analysi 
carried out 6y specialists In this field. Testing inormal I y consists of 
test pits, test borings and laboratory analysis. 

Sketch of typical boring log. 




Ovcfborden ' 
0-0' S*ot-<ganic 

and occa sion a I 
^'-la- boulde*- 



bed rock 




Drill hole No. I 



ERIC 



57 



' 7^ 



The tables on page 51 are for use only where It Is known that no problems 
exist and the structure to be erected does, not exceed 3 floors and basernent. 

The procedure outlined on Page 53 is recommended on all building projects 

which do not fall within the categories above. Mention was previously made 

of test pits. These are always of value as they allow visual interpretation 

of bearing materials and, more importantly^ can give a very clear approximation 

of the ground water table . The. ground water table which is never flat is 

the uppermost level of water in the ground. • It varies normally and signiflcanly 

from a maximum in late Winter/Early Spring to a minimum fn late Summer/Fall. 

The presence of^water in the ground is Ignored only at considerable risk* As 

this water exerts pressure on sub structures, at the least it results in leaky 

arid wet basements, and at the other end of the scale can' actually float a 

building. As buildings are rarely' designed as boats, the rise and fall can literally 

wreck the- Super structure. For this reason means^are used, to drain. off water 

and thereby reduce pressure on foundations.* This will usually consist of pipes, 

either perforated or with open joints laid around the perimeter and sometimes 

herring bone fashion under slabs. The pipes are then connected to a convenient 

drain, sewer or water course. 
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Footing drains are used to a) Drain off excess water 

b) . Prevent leaks In basements 

c) Prevent Building from floating 

d) Lower ground water table 

Check one 



r 
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Lower ground water table. 

X * 

If you chose any but this answen refer back togaqe 54. Although footing drains 
achieve all these things described it is on^ as a Tbnsequence of lowering the 
ground water table. Footings do not havenx) be concrete, nor do they have to 
be strips or pads. They can be of many mfeterials. Wood, masonry and steel 
have been used successfully for many yeanb. Frequently Piles are used where 
support is not available' at a convenient/depth. Piles can be of precast 
concrete, poured in pl.ace concrete, steejl , or wood. They may be end bearing 
or friction piles^' They may be driven or bored. 

Then there are Caissons and rafts . 

A raft foundation i'* essentially a series of pad footings* connected together 
to form a single slab. The implication of the name Is most revealing, for 
in fact if the foundation is deep enough it can be designed to float - the 
weight of the entire building being equal to the weight of displaced soil. 

A caisson Is actually an accessible shaft, usually belled at the bottom 
pressu,rized to resist collapse which permi^ts Inspection of the bearing surface 
and when filled becomes a cplton through which building loads can be trans- 
ferred to bedrock or other sui^ble material. 
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As these kinds of foundations are beyond the present scope It Is sufficient 
that you shjould be aware of the terms used to describe* these Items, and to 
know what each of them are. 

A friction pile carries loads by transmitting Imposed loads to the soil 
through frictions between Its sides and the surrounding soil. 

An end bearing pile carries loads by acting as a silrriple column, transmitting 
loads to the soil at Its. end. 
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This Is a (floating) (pad) 
(strip) foundation. 
(Cheekbone). 



This Is a (pad) (raft) (strip) 
(floating) foundation (Check one) 



/ 

This Is a (caisson) (bored pile) 
(driven pile) (friction pile)' 
(end bearing pi le) 
(Check one) 
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A, ' This Is a raft foundatloA ^ Note that the concrete is continuous across 
the slab but is thickened where loads are supported* This type of footing 
must be reinforced with steel I It could be called a floating foundation 
•but in fact It is not until the. di sp laced solj is equivalent in weight to 
the total building. It is obviously not a pad orstrip foundation. See 
page 51, 52, 53. * • 

B. This IS a strip foundation. Note that there are joints between footing, 
wall and slab. The joi nt between *footi ng and wall is for convenience. The 
joint between floor and wall is essential. 

C* This is a driven pi \e. It \s not possible to say from such a sketch whether 
It t's a friction pile or an end bearing pile, as this is much more a matter 
of design than of appearance. The appearance of bored piles and caisson are 
different however, a caisson often looking like this.* 



t 



and a bared pile like this 



ft.* 



The bored pile does not need a shoe, or pointed end. 



ERiC 



63 



60 



Although In small buildings of the kind discussed here there will not usually 
be any need to be concerned with expansion joints, that Is Joints which 
permit horizontal movement _w I thout overstressing components; there Is need 
to consider movement as a result of settlement and differential expansion 
and contraction. 

It Is neccessary to understand and accept that all materials move for many 
reasons: moisture content and temperature are the root causes but com- 
binations and consequences of these two plus the effects of mechanical 
strength and aging result In a broad basis; for unwanted effects. 

We will look at two types of movement only: In detail: 

Settlement and Differential expansion and contraction 

Settlement results from the fact that If a great weight is pjaced upon the 
ground It will normally be compressed. Careful and thorough compaction of 
ground can reduce the effects of settlement to an almost neg 1 1 gable amount, 
but all buildings settle. Careful design can reduce the effects of settle- 
ment by ensuring that movement takes place at well defined locations^ 




The sketch above shows a typIcaJ section through a. foundations waj I and 
concrete floor slab. Both are unrel nforced. Shrinkage of concrete tends 
to retract the floor slab from the wall, the greater load on the foundation 
waH has a tendency to cause a shearing or slipping action between the wall 
and floor. Details of the type above allow movement to take place without 
damaging either component. The sketches shown below do not permit move- 
ment and should be avoided. 
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Movement of a building takes place a. vertically 

. . horizontal ly 

c. vertically and horizontally 

d. in a| I directions 

(check one) 
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Movement takes place In all directions^ but through careful design they 
can be taken care of with horizontal and vertical joint designs. 

Inspect the basement of a typical residence. Prepare sketches of floors 
and walls showing locations and size of cracks. Write a report descri^)lr 
conditions, the reasons for their occurence and the ways in which the 
problems could have been prevented. Complete this assignment before pro- 
ceeding further'. « ' ' 
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Cracks In unrelnforced walls usually occur at openings and In a fairly regular 
pattern about I5'0" o*c. These are Lsually qul't^ narrow - no more, than ifs" - 
greater size of cracks genera I ly results from differential settlement, caused 
usually by unequal compaction of the ground beneath the footings- The former 
type of* movement is caused by simple shrinkage of cqncrete. It can be 
minimized by careful compaction and curing of coRcrel^ and by reinforcing 
with steel. Despite these precautions, shrinkage wi'l I still occur* The 
best that can be done Is to control ^the locations of the crack, and to allow 
for constant movement • This is done by constructing an expansion Joint* The 

'^design of these joints can become very sophisticated but the principle Is 
always the same: to separate the components into sizes which are stable, and 

. to provide an impervious materia T between them which Is elastic: 
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In floors it will_ be found that a fairly rectangular pattern of cracks at 
about I5*0"o,c, is formed, except that diagonal cracks form around *co I umns, 
as shown below, * ^ 




To control i*hese cracks floors should be cast in bays between 10* and- 15V 
square. The joints so formed are filled with a caulking compound. Around 
columns floors are cast thus: 



1/ V X 




r 




t 



.joining component. This system makes it essential to pour concrete in \ 
checkerboard fashion, and this tends to be inconvenient. An alternative 
method of providing joints is to use a diamond saw. The entire slab j§ 
poured, and^then, withi^n seven days of the pour, the machine is used to 
cut it into bays. This cutting must go right through the slab.. Frequently, 
one will see apparent saw cuts, but if they do not extend far enough Into 
the material they become useless decoration. ^ 
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Concrete is a very common building material for many reasons, but its 
strength, durability and convenience ^re those which have the greatest 
appeal . ' ■ . 

Concrete is a mixture oi Portland cement, fine aggrega"^^ end coarse- 
aggregate and water. 

Portland cement - so called because of the similarity of' appearance in 
colour and texture to Portland Stone - is made by heating a mixture of ' 
"limestone and clay to a high temperature, and grinding this product to 
a fine, powder together with a small quantity of .gypsum. 

.There are several types of Portland Cement manufactured for a variet^' of 
purposes, all of which are described in detail in CSA A - 5. In ge' al 
there is ordinary Portland Cement for most general construction puruoses. 
Sulphate resisting concrete for use in situations where deterioration due 
to sulphate attack must be guarded against,, and high ea»"ly strength cement 
for use in situations where working loads must be applied before proper 
curing of 'standard cement had proceeded to the point where load applications 
could be safely contemplated. • ^ 

Fire aggregates are particles of rock, sand, slag or other inert materials 
, which will pass a 3/8^*~ sieve, coarse aggregates are similar materials but 
^ranging in size up 2 1/2" - the ac"*'ual size used depending upon location 
'and requirements of the component being prod.uced. • 
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*Concre+e* is composed of (Sand and CemeiT) 

(aggregate and cement) ^ 

(fine aggre-gate coarse aggregate and cement) 

(cement water and aggregate) 

/ . • ^ 

• * 

Check one, ' ' * • 
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Concrete is composed ot cement, water, and aggregate* The fineness of the 
aggregate will have direct affect upon The quantity of cement to be used, 
but the, amount of wate^ has been proved to be the major factor in determining 
the final strength of the concrete. 

Concrete does not set as a result of waiter drying out, altho,ugh naturally 
there Is a large degree of evaporation of water. Concrete sets due to a 
chemical action known as ^ hydration j ^ Typically, even in a dry mix, much 
more water is added to the ingredients than Is required to hydrate^, the 
cemer|t>. The addition of water improves the wpr^kabi I ity of the material* but 
seriously reduces its strength. The aim, therefore, is to produce a mix 
which is sufficiently workable with the minimum wa'^'er content c 

Visit construction lab and perform experiments under the guidance of the 
technician*. * • * 

The amount of water to cement Is the water/cement ratio'. 
The site test prior to -placing is the slump test . 

The more water, •'he greater the slump and vice versa. As well as affecting 
strength, the water cement ratio has an 'affect upon d'mensional stability of 
concreteo As all tie cement paste does is glue the particles of aggregate 
together, it shcuia be obvious that if excess water exists initially, its 
e\aporation wiii result in shrinkage and the development of voids, as hydratfo 
is completed long before evaporatior; has ceased. 

In o^ae< to attain the ideal .f a minimum water/cement :rat?o with an acceptabi 
degree of workability chemical add'tjves have been developed. These additives 
essentially effervesce, causing the formation of many air bubbles within the 
concrete. This is^ also known as "ai r- entral ned concrete". Concrete made in 
this way is less-^usceptib le to frost action^ (the ceils formed do no+ Inter- 
connect) arrd is far easier to place. 
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The following experiment must be undertaken in the Construction Lab. 



Intent 

To find the effect of water/ cement ratio on bulk density, percentage porosity 
and compressive strength of cement mortars. 

Theory 

Water is added to cement to produce chemical change which "causes the cement to* 
set, and also to lubricate the aggregate particles so that they will slide over 
another and compact into a dense concrete. The water required for the chemical 
change is determined by the nature and quantity of the cement and must be • 
sufficient for the chemical . change to proceed to completion; the water required 
for work5(bility depends upon* the nature, and grading of the aggregate and the 
method to be* used for compaction. The water not* chemically combined with the 
cement will evaporate as the concrete dries out, leaving voids, which reduce, 
the density and mechantcal strength. Maximum density and strength should be given 
by the us.e of the minimum quantity of water to give the necessary workability. 

Method 

1. Weigh out 200g amounts of Portland cement and 600g quantities of sand and 
measure mixing water to give water/cement ratios of (a) 0.45 (b) 0.55 
(c) 0.65 (d) JJ775 

2. Mix dry and then with w^ater- 

3. Place in oiled moulds in two layers and consolidate each layer by 25 strokes 
with rammer. 

4. Identify each mix. \ ' . , 

5. Store for 24 hours at 90 p,er cent R.H. and thefi immerse in water for 7 days. 

6. Weigh. 

. 7. Dry in oven at 105^0. 

8. Weigh, calculate bulk density and percentage poro:>ity. 

9. determine compressive strength. 

10. Plot graphs indicating relationship between W/C ratio and % Porosity, 
. W/C ratio and strength. 

Report * 

Bulk % Porosrty Compressive 

Cube Ratio. Volume Density .Strength 

A . ■ 

t 

B •• - 

c • ^ 

D 



' 1/67 

FJEibdr 



The hardening cf concrete is a result of 
a. the evaporation o^ water 
b* the entrapment of air within it 
c. the combination of water with' cement 
(Check one) 
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The hardening ot concrete is a result of the combination of water with 
cpment or hydration. This chemical action produces, heat which in large 
components requires ccciing by special means Th.is is not a. sign! f leant 
problem i.n small buildings. »n order to produce satisfactory concrete 
It must be cured. Concrete is cured jn warm weather by simply ensuring 
that there is riot premature loss of water. In cold conditions, in addition 
to preventing loss of water, the material is heated, both during placement 
and for a period - usual ly seven days*- thereafterv Freezing must be 
avoided at all costs. Frozen 3000# conbrete has been known to reach 
compressive strengths of less than 600^ at 28 days and this quite obviously 
spel I s danger* 

In common with natural stone, which mgterial it most^glosely resembles, 
concrete is a heavy material characterized by great compressive strength 
but poor tensile strength. *- - ^ 

In order 'to improve its tensile srrengTh metal Is used as a reinforcement. 
Fortunately steel and concrete both exhibit almost the same coefficient of 
expansion and tiius work extremely well Together. Thus' it is that steel 
in bar and mesh form is universally used for ^^he purpose of "-elnforcing 
.concrete. For the Ar-jitec*^ one ot the greatest advantages of concrere He 
in i-ts ability to .;b2jaie practically 3n> shape - it can be sprayeo as well 
as placed. This 's so much the case that it ]s sometimes referred to as a 
"plastic'' mate - .al . 
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Because concrete Is (strong) (weak) in compression and (weak) (strong) 
ih tension stee! is used to increase the (tensile) (compress! ve) strength 
of the composite materia! . . - 

(delete The inappropriate words) 
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Concrete is strong in compression and weak in tension. Steel reinforcement 
is used to increase the tensile strength of the composite material. 

•Tne design' of reinforced concrete members is covered in structures courses, 
'and so this aspect is not discussed here. However, the production of steel 
Is a part of construction. When embedded in concrete, sufficient cover 
must be provided over the reinforcement in order to protect it form corrosion. 
The amount of cover varies in accordance with the location and type of component 
In footings there must be a minimum of 3" of concrete between steel and ground. 
Concrete exposed to the weather must have 2" cover for bars larger than #5 
and I 1/2" for bars #5 or smaller. Walls and slats not exposed to weather 
require 3/4" concrete cover over reinforcement and beams and girders require 
I 1/2" cover in the same situation. Column reinforcement must have I 1/2" 
of coyer or not. less than I 1/2" times the maximum size of coarse aggregate. 
The'covers stated are minimum, they must be increased for fire protection, 
purposes and in corrosive atmospheres or in extreme exposures. 
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Concrete cove'r is required over 're i nforcement to_ 

a. Ensure bond. 

b. ' Protect it from effects of fire 

c. Protect it from corrosion. 
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Concrete cover is required around reinforcement to protect !t from corrosion 
Prepare sketch sections through a typical 2 s*orev framed structure 

a. platform framea 

b. bal loon framed. 

Show foundation, foundation walls and drainage/ floor slabs, roof and window 
openings. • . • ' 



/ 

/ 
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On page 28 the subject of sheathing was Introduced. 
Review pages 22-29 before readjng on.^ 

Sheathing provides lateral restraM.nt for frame wall and roof construction* 
It can take many forms. It can be diagonal or horizontal boarding, plywood, 
or other nail able sheet material. 

The three most popular materials are wood boarding, plywood and particle 
board. The plaster or plasterboard interior skin also acts In the same way 
as sheathing applied to the outside of the frame,, but It is rarely considered 
as such. 

The sheathing must of neccesslty be nallable In order that finishing materials 
may be attached to It. 

The .fol lowi ng table indicates the minimum sheathing^ thickness for various 
conditions in. wal Is. - • * 





Minimum Thickness 
1 — 9 ^ ^ 1 




Type of' sheath ing 


Supports @ I6"o.c. 


Supports @ 24"o.c; 


Wood boarding 


M/16" ; 


11/16" 


lnsulatlri§ fibr^- 
b'oard . 


3/8" 


7/16" 


Gypsum board 


3/8" 


1/2" 


Exterior type 
p i ywood 


1/4" ■ . 

- > 


5716" ' ■ 


Partlcleboard 


1/4" ' 


5/16" 



Although gypsum board and f Ibreboard are Included, they cannot be used for 
the attachment of siding materials as they will not retain fasteners, S'.Th^ 
as nails or screws. They can be used in conjunction with .bPeer construction, 
.where fasteners are connected to the structural system through the sheathing. 

Sheathing is not essential In certain circumstances when exte-! or cladding 
does not require fastening between supports such as is The case with hcrlzontal 
boarding or. plywood sheath ing 'may be omitted^ bur only, it' It does not af tedt 
lateral stability.; For instance a gable end wall must be sheathed because !t 
provides lateral stability. If lateral stability is provided by other means, 
such as bracing, the sheathing can be delated. 
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An exterior wal l consi sti ng of 2" X 6*' studs at 16" o.c. *is fo be clad 
with cedar shi»ngles. 

a. It does not require sheathing 

b. It requires 11/16" boarding as sheathing 

c. It requires 5/8" gypsum board as sheathing * 

d. I.t^requires 15/16" exterior quality plywood as sheathing 
Check the appropriate solutions. 
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An exterior wall consisting of 2" X 6" studs at 16" o*c* clad with cedar 
shingles requires backing and must be nailed between supports. It must 
therefore be sheathed* Gypsum. board v/i 1 1 not hold nails, and is there- 
fore of nouse. 15/16" exterior quality plywood Is thicker then neccessary, 
though a good choice otherwise. 11/16" boarding fills the bill exactly, 
"ancj Is easier to nail. ■ 



Sheathing must.be adequately nailed to studs. Boarding as above would requin 
2 two Inch nails into each support. jf less than 8" wide and 3 two Inch nails 
Into each support if. more than &" wide. ' 

The size and placing of nails Is most Important as too few or too small will 
not be sufficient to hold'the structure together whereas" too many or too 
big in extreme cases can split and damage materials and contribute to poor 
building perfpcmance. _ • " " 

Assuming that 5/16" plywood was used In the above example, how many and what 
size nails would be required? 

See appendix for nailing tables. 
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Sheathing in this case would require 2** nails driven into, supports l2"o. 
along intermediate supports and 6" o.c. along edges* 

Contractors frequently prefer to use sheet materials for sheathing as It 
reduces labour and thereby cost of construction. 

Having satisfactorily prepared the frame to receive the cladding, the 
cladding- itse I f can be considered. Turn to page^b,. 



\ 



V. 



82 



78 



The rcof, too, must be sheathed, and for the same reasons as walls.. That 
Is,, to provide rigidity, to form a surface, for the instal ja^^ion of weather- 
proofing, to provide a surface for fastening. Required thickness of 
sheathing are shown below. 



wk/^sv^ 1 1 1 ^ \j \ r\zj 1 1 c 1 

or Joist in o.c. 


Plywood thickness 


rarxicie ooara 
thickness Edges , 
Supported 


□oa ra i ng ■ 
Less than 12" 
Wide 


Edges supported 
T & G 


^ Edges Unsupported 


r2"o.c. 


■ 5/16" 


5/16" 


3/8" 


11/16" 


l6"o.c. 


5/16" 


3/8" 


3/8" 


11/16" 


20"o.c. 


3/8" 


1/2" 


7/16" 


3/4" 


24"c.c. 

• 


3/8" 


1/2" 


7/16" 


3/4" • 



Plywood is considered to be unsupported at edges if one or more sides cannot 
be nulled to a support. See sketches under ^ 




However support can be provided with. 2" X 2" blocking nailed between joists 
or rafters or metal 'H^ clips can be provided. 




Blocking »H» cl Ip 



Once again selection of roof sheathing will depend upon the final finish to be 
applied to th'e roof. The nail holding cap^bll'-^/ of parti cieboard' is less 
than either plywood or wood boarding and so is so desirable in terms of 
quality, but does perforrri adequately, and is cheaper lhan the other materials 



It should always be remembered that all materials expand and contract with . 
temperature and moisture variations. Therefore it is essential to leave / 
space for such movements to take place* Leave at least 1/16" between pap^ls 
to allow for-such movement. Boarding, *as it is so much narrower, i*^ ra/ely 
specified to have any particular tolerance left in assembly. The ass^ption, 
whichiis usually safe, is that wood will tend -to dry out and shrink^,/ the re- 
after movement will be of less significance. " However, it is obv(Q{is that 
the boarding should not be cramped^up tight, as any swelling woyfd result 
in buckling of -the sheathing. 



All that is really achieved by leavirtg roo/n lor movement i: 
stress on the waterproof membrane. 



reduction in 



Take an ordihary rubber band, hold ii between Vlnger and thumb in both h^^nds 
so that about 1/8" separates both thumbs. ^xtftmJ +He band to about 3/4" 
and repeat several times. The rubber L ,id rake'^ +Kis stress relatively well* 
Now repeat, but with thumbs separated by about I / p2!^ . I f you held the rubber 
band securely it probably broke. Most roof ing^aterials are elastic, but 
far less so -than rubber. What are your conclusions? 
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There are a vast array materials cffered to the designer as the ultimate 
answer to cladding buildings. Basically these are natural or artificial. 

The natural materials Include wood, stone and slate. 

The artificial ones-^brlck, concrete, asbestos, aluminum, steel, plastic, 
clay ti le and so on. 

In construction it is far easier to look at "these materials In terms of • 
-thickness, and the-efcre methods of i nsta Maf Ion,. The:;e materials are used 
as cladding, thick materials as veneer. 

Wood 

Wood Is produced in many forms for use as cladding. Some of the oldest and' \ 
best are shingles, shakes, and weatherboarding. Shingles a-J shakes are 
produced rr.sinly ^rom cedar and redwood, as these 'woods have a greater re- 
sistance to decay than most others, and are easily cut or spliT to form/The 
thin units known as shingles and shakes. Originally b6th shingles andfehaKes 
were hand split; they a^e now most frequently machine cut. When cut, *ie 
tendency Is to shear -^^^.-ough the cells of the wood, whereat qpl it+lngy&Uows 
the wood to break w'thout cutting Through the cells. Splits, Then arfe known 
to be less absorpT! .6 Than sawing shingles and shaKes, •Unfortunately the 
_|.arge-labour-GCP^T^ent makes them expensive. .Hdwever-a hybr'rd is available 
where the wood is machine cut on one face and hand split on the_oTher,- ^ 
•providl-g The best of boTh worlds. The initlarpiece Is spil"!- double rhick- 
nessi i.-.a subsequently diagonally sawn. 



hand split, machine cut 

Shingles are usuelly manufactured In lengths of 16" 18" t>r 24", and are 
approximately 8" wide- • 

The amount of shingle or shake exposed after installation '.s known as -he 
'weather', on walls {fhe amount expcs,e.d to the '«eather' !s us.ai i vbe^we-i' 
6" - 8", although this varies wim the partic'jiar app!i-ai:on. 
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The* following materials as applied to wood frame construction are (claddings) 
(veneers)* wood,' asbestos, steel, aluminum, plastic, slate, clay, tile. 

Check approp.riate statement* 
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Wood, asbestos/ steel, aluminum, plastic, slate and -clay tile are all 
cladding materials. The. veneer materials Include stone, b Ick and concrete 



A shingle is defined as a piece of wood thinner at one end then the other, 
produced by sawing. 

A shake is also thinner at one end than the other as butt, but is split, 
not s^wn, usually by hand. • Aesthetically shakes are preferred by many 
architects because of the texture and random appearance that, results from 
their use. Shakes are usually thicker than shingles; much rougher in 
texture and variable in size and . th i ckness. 



In small and large units. 




Shakes & Shingles are applied as shown in the Sketch above. 
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Wood sldingj^sometlmes known as novelty siding or drop sldlng^conslsts 
of boarding usually 16* long and variable In width usually between. 
4'* - 8". This kind of siding can be used without sheath I ng^ut this 
Is not recommended except for temporary structures. The range of 
profiles Is shown below. • 




(a) Typtcat Profited. Drop Stdmg 



Although It Is possible to start at the top of the building and work 
down to the bottom due to the tongue and groove of shiplap feature 
of these boards, thereby avoiding scaffold .marring o.f. the surfacegfj/ 
the boards must be wedged up tightly to each other^^jf they are to 
perform satisfactorily. Nailing, at least two per support is through 
tho face, and therefore^ven \/hen puttied In, shows on the face. ^ 
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Lap siding or bevel siding is the same profile as shingles and Is applied 
to the wall In a similar way to shingles. ^ These boards should lap at least 
I 1/2" preferably 2" to prevent water penetrations. If the boards are narrow, 
they can be nailed through the top, so hiding the. fasten ing, otherwise 
they must be nailed through the butt or thick end so that each succee(ling 
course is nailed through the preceding one. 



Wide boards 

nailed through heaa & butt 



Narrow boards 



nailed thorugh head only. 



Note that in all cases the top of the foundations wall is covered by the 
cladding. ^ - 

Slates and tiles, popular In Europe, are applied in a very similar way to 
shingles and will not* be enlarged upon here except to say that properly 
used they are tremendously durable, . - 

•In all cases where a cladding is used, entire dependence for weatherproof ing 

Is net left to the cladding, all are always fastened over a waterproof membrane, 

Usually h^avy asphalt coated paper, soTne+Imes asphalt coated felts. 

Prepare sketches fo show wall assembi ies- clad with narrow boards, wide 
boards, and shlngles^at a scale of I 1/2" = I'O". 
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Vertical boarding has no advantages over horizontal boarding or shingles 
in use, but frequently it is selected for its aesthetic value, ' Sheathing 
and building paper must be prcvlded over the frame,,and to this the vertical 
boarding is nailed. 'Boards should if possible run the entire height of the 
wall. Two types of board are principally used - squaVe edge^ boards and 
tongued and grooved boards'. 

If* squ^e edge boarding Is used.H is bedded In caulking compound at the 

joints and driven up tight. The joints are then covered with a nailed on 

wood ba^ten. It is possible to produce a variety of effects by varying 

the widths of boards, and battens and to place fattens ^rider Instead of ^ 

over the joints. _^ ^ ^ 

^ . studs 



sheath 1 ng 
BIdg, paper 
Boards 
Battens 

Battens under 





Battens over 



Tongued and grooved boarding is also applied over building p^p^r and 
.sheathing. Unless special ^rrangemer^+s— are made to ernphastse ■^■he'jointv 
a pLane unbroken--3AH=^f-aee. results. However because movement takes- place 
it is usual to emphasise the junctions of boards by making a vee joint 
or channel joint Ih the board lag. 




Vee joint 



Channel joint 

N 
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•Patent* Cladding embraces aluminum & steel strip formed siding^ asbestos 
cement siding, pressed beard siding and plastic siding all of which are 
usually supplied with a baked on enamel finish coat, thereby reducing 
both first cogi^nd maintenance. 

But' they have disadvantages as well as advantages, steel can be dented, 
will rust^if chipped or broken and can magnify the sounds of impact from 
rain, hail etc. It can also hold an electrical charge, and should therefore 
be grounded. 

Aluminum is easily torn, and dented, but Is less susceptible to oxidation 
than steel . 



Plastic (usually poly vinyl chloride or PVC) siding does not suffer from 
the same difficulties as the metals, bul has problems of its own. it is too 
early to be sure but fire' resistance', resistance to weathering and colour;, , 
stability .and resistance to paint solvents are likely to be a source of ' 
difficulties in service. . • 




nail . 

drainage & pressure 
equalization hole 



Typical plastic siding 
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Cladding Is used as/a) A protective finish to ^ructure 

b) An aesthetic. sl<in 

c) To waterproof the structure 

d) As a primary weatner barrier 
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Cladding Is used as a primary weather barrier, ft should' only be considered 
as part of a system. Theoretically the wall Is composed of four elements. 

1. .Structural element 

2. Air barrier * • ' 

3. Thermal barrier 

4. Moisture or weather barrier 

• - . •, • 

In some' materials, some of these functions can be combined. In others they 
cannot. Broadly speaking Prefabricated techniques attempt to Include as 
many functions as possible In the same material, whereas on site technique 
deal with each aspect separately. All elements are important, some,^owever 
must be protected from mechanical injury, for example Insulation Is-usualiy 
brittle, plastic vapour barriers "are easily torn. ThQs a typical wall 
constructed on s'lte consists of ; 



. Internal finish (protects Interior of wall) 
. , Air barrier . 

Insulation 
Structure 

Secondary weather barriers , 
Primary weather barriers. 

Draw a series -of 4 wall sections namely the materials and their functions, 
three of them using traditional means, and the fourth combining functions" 
with the minimum of materials. If you cannot do this, turn to next page. 
If you can, turn to p. 90. 



1 • 



ERIC 



93 




Typical* shingled wal I 



shingles 
bidg* paper 
p I ywood 
sheathing 
structure 
insulation 
vapor barrier 
p I aster board 





fac9 brick 
ai/T space 
i/isulation 
apour barrier 
concrete block 
piaster 



face brick 
ai r space 
bidg. paper 
sheath i ng 
structure 
insulation 
vapor barrier 
plasterboa rd 



Typical brick veneer wall 




concrete 
sandwich 
panel ' • 
insulation 
cast in 



Typical masonry cavity wall 



Typical concrete sandwich 
panel * 
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In order to reduce the impact of thermal movement on components and structure. 
It is desirable to keep the majority of the building at as even a temperature 
as possible, . • 

Theoretically^ if an insulation material could^be found that was impervious 
to moisture, was structural'ly strong enough to' carry loads aad was of low 
permeabi I ity,. wal Is ccnjid consist of a single element. However, no such 
material presently exists. 

An attempt has been made in the developmeat of concrete sandwich panels to 
achieve a reduction in the number of materials. But this requires concre'te 
of extraordinary strength and quality, and .demands a very high standard of 
quality control and accuracy. Even so, difficulties develop at joints, and 
these require extreme- care in design and execution. See .page 89, sketch 4. 
This type of panel is economic only if made in sufficien, quantity. ^ 

Successful systems rely upon takjng advantage of natural phenomena. The , ' 
greatest problem is rain leakage. This can only take place: 

1. If there is water present 

2. There Is a hole through which it. can move. 

3. There Is a force present to drive it through the hole. — » 




In order to keep thermal movement to a minimum shbuld one* 
■a)'^ Keep the building warm ^ 

b) . Insulate, the bul I ding, thoroughly 

c) Keep the building cool 

d) Maintain the structure of the building at an even temperatun-^ 
Check one 



\ 
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If you checked a),b) or c)^turn to page 89, before reading on. 

To maintain the structure of the building at an even temperature requires 
placement of insulation 

a) Within the external walls? 

b) On the inside face of the external walls? 
On the outside face of the external walls? 

Check one 
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On the outside face of the external wall, so that the majority of the 
building is at an even temperature. Unfortunately. this is presently only 
an idea. A protective material must bu^ placed over the- insulation to protect 
it. But it is possible and desirable to insulate the major mass of the 
wal I and bui I dl ng. 

This partly explains the success of shingle walls. The external protective 
skin, made up of small overlapping units, is able to absorb movement, while 
the majority of the ^nass pf the wall is kept at an even temperature. 
Additional to this success however is the-fact that air spaces are formed 
between the shingles and the sheathing, thus permitting pressure equalization. 
This is sought in many walls. 

Typically, though, a continous air space is produced between the component 
parts of the wal I . 



open joints 



exterior 



open joints 




The interior wall is made as tight as possible the outer skin is assumed to 
leak, but the cavity allows water to drain out, and for pressure to equalize. 
Properly executed this wall will not leak. But mortar must not be dropped 
on masonry ties, ties must be j arranged to pitch outward, and weep holes at 
bottom of wall must be clear. 



' -Wr- ■ 

I For further information onthisaspect see Canadian Building Digest 21 
"Cavity i Is" T. Richie. 
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Simi lar considerations apply to roofs -js to walls. Probably the most 
successful roof form is the pitched "^ype. They usually work well because 
they take advantage of natural phenojnena. The i r attributes were originally 
developed by tradition. Now we know why they work so well. 




'Overlapping shingles 
Sheathing 
roof structure 



— vented attic 
— insulation 

Vapour barrier 

Ce i I i ng f i n i sh 



The attic space is ventilated so that pressure in the protected space is 
equal to outside air. 

The slope of the roof allows gravity to assist with draining the roof 
surface. 

The small overlapping units (shingles) permit movement without ruptiJre. 
The insulation and vapour barrier are protected. 

The slope of roof Is expressed either in inches per foot, e.g. Jin 12 
Is 3" in ro" or in degrees 3 in 12= 15^ 

This is the minimum pitch for wood shingles; for 210 lb. asphalt shingles 
the minimum pitch is 4 in 12. Lower pitches required different materials, 
although frequently essentially flat roofing techniques are used. 
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Note that there is a mirtimurnQf two : . jshl-ngie. thicknesses* at>-arry!ttJn.e 'point, in- 
cluding the roof verge. A starter strip 12" wide is used, which is usually 
a strip of |9" selvage roofing known as N.LS., or a reversed shingle. 



o o 



o o 



1 i I 



— nQi/5 

Typical 2IOIb shingle- 



Shingles are nailed to roof, and, where conditions are windy or pitch is low, 
glued as well. Therefore, the roof deck must be nailable, 6" X I" boardingor 
1/2" plywood are often used. 

An underlayment is used for two reasons. 

1. To act as a secondary moisture barrier 

2. To act as a 'slip sheet', permitting the system to move without affecting 
or being affected by the deck. 
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A pitched roof is satisfactory because 

a) It uses overlapping units 

b) It permits ventilation of the attic space 

c) It uses gravity to advantage 

d) It does not require to-be perfectly sealed. 
Check one. 
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The principle advantage of the pitched roof is that a perfect seal between 
the units Is not neccessary. Flat or near flat roofs require- a perfect 
Imperireable membrane to ensure adequate performance* 

A flat roof is very like a tray. If the tray is punctured most of the 
moisture will penetrate through the hole. 

Unfortunately holes must be made in flat roofs so that vent pipes, drains 
ventilators Q^id other items can be installed. 
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a) A pftched roof requires a perfect Impermeable membrane for successful 
performance. 

b) A flat roof requires a perfect impermeable membrane for successful performance. 
Check I and turn to page 99. 
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If you checked (A) turn to page 97 
If you checked (B) turn to page 100 
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A flat roof Is provided with an impermeable membrane which may be of a number 
cf materials. 

Most common is the bituminous roof made of either coal tar pitch or natural 
or refined asphalt. 

BItumin. is a viscous fluid which hardens to form a waterproof membrane. 
In Itself it is insufficiently strong to withstand temperature movement. 
Therefore it must be reinforced with a material to which it must bond to provide 
an acceptable tensile strength. 

Usually this reinforcement is felt, impregnated with bitumen. Felts are 
either made from organic or inorganic material. The most popular materials 
are wood pulp, asbestos and glass fibre. 

Typically, a flat roof is built up from a number of layers of felt interspersed 
with moppings of bitumen. It is usually considered that the greater the number 
of plies of felt and moppings of asphalt used, the longer the service life of 
the roof will be. 



ISgegS^m^ggg^^ gravel ^for P^^^ 



3 ply roof 

(expected life 15 years) 
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In a built up roof the waterproofing Is provided by 

a. the felt 

b. the bitumen 

Check one. If you checked a., turn to page 102, of b. page 104, 
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In a built up roof the waterproofing is provided by the bitumen. The felt 
In Itself is hygroscopic and will absorb water without forming a barrier 
to water ingress. 

The felt is a reinforcement for the bitumen. In special cases the felt 
Is coated with bitumen and chippings at the manufacturing plant so that 
the composite product is in itself waterproof, but the felt is still only 
reinforcement. Coated felts are used successfully as vapour barriers, and 
as Intermediate plies. They have advantages over impregnated felts in that 
they are less likely to suffer from moisture pick up during construction, 
but are stiffer and heavier to handle, and as less bitumen is used between 
plies, lamination of plies is sometimes unsuccessful. 

Felts are referred to by their weight based on an apfiroximate area of 
100 square feet or as it is known in the roofing trade "a square". 

So No. 15 felt weighs 15 Ibs/IQO sq. ft. 
No. 40 telt weighs 40 lbs/square 
and so on. 
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A built up roof Is reinforced a. with felt 

b. with bitumen 

Check one. 

If you checked a. turn to page 104 
If you checked b. turn to page 100 
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In a built up roof the waterproofing Is provided by the bitumen, the 
felt acts as a reinforcement. Bitumen is a generic term that covers 
two basic materials I. Coal tar pitch 

2. Oi I based asphalt . 

Coal tar pitch is a by product of coking coal. 
Its softening point is 140"" - 155^ F 
Application Temperc* 're 325'' - STS"" F 

and its maximum heated temperature 450^F, Above thi nt essential 
oils boil off so that the material when it hardens, cracks. Coal tar 
pitch remains softish in use and is self healing (due to flow when 
heated by the sun). This advantage becomes a disadvantage, tor it can 
only be used on flat or near flat roofs. 

Asphalt occurs naturally in the asphalt lakes of Trinidad (known as Lake 
Asphalt), in rock in various parts of N. America Iknown as rock Asphalt); 
and as part of the distillation of Petroleum, simply known as asphalt. 
The naturally occurring asphalts are claimed to be superior to those 
produced by distillation but there is no evidence offered to support 
this contention. 



There are three types of asphalt. Type I for use on flat roofs, slopes 
up to I" in MO"; Type 2 for use on roofs with slopes from I" to 2" in 
I'O"; and Type 3 for use in roofs with slopes in excess of 2" in MO". 





Type 1 


Type 2 


Type 3 


Softening Point is 


140 - 150" F 


165 - 175" F 


190 - 205" F 


Application Temperature 


350 - 400° F 


375 - 425** F 


375 - 425** F 


Its maximum heated temperature is 500** 


F. 





Al I bitumens creep, therefore a reinforcement must be used to complete 
the built up roof system. Turn to page |02 for further information on 
felts before proceeding to page |05. 
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Pitch and asphalt are not compatible with one another and in addition, 
pitch cannot be used successfully with some insulation materials. 

The traditional flat roof is made up of 

roof membrane. 



insulation 
vapour barrier^ 

structural deck 



^ stone chippings 



-i/// m//////////m 



Insulation can be of; 



Limitations 



Thermal conductivity K 



Fi breboard 


susceptible to moisture p; > up 


.35 


Glass fibre 




.27 


Polystyrene foam 


cannot be used with pitch must be 
protected from solvents and temp- 
eratures over 165° F 


.20 


Polyurethane foam 


cannot be used with pitch, must be 
protected from solvents and temp-! 
eratures over 375° F 


. 15 


Cel lular glass 




.40 


Straw fibre 


Susceptible to moisture pick up 


.33 


Cane fibre 


Susceptible to moisture pick up 


.33 


Mineral fibre 




.38 



AM insulation must be protected from the 'elements. 

Pitch (is) (is not) compatible with asphalt and (can) (cannot) 
(a) (b) (a) (b) 

be used with urethane insulations 

Check appropriate words 
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If you checked a, turn to page 107, 
If you checked b, turn to page 108* 
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Pitch is not compatible with asphalt and cannot be used with 
urethane insu lation. 

The effect of using them together is that a good bond cannot be 
achieved, so that gaps remain between laminations permitting the 
contained air to expand and contract with temperature changes, 
leading via a progressive system to early membrane failure. 
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In order to protect the bitumen from the harmful effects of the sun's 
rays, and as protection from fire occuring outside the building, burning 
brands, fordnstance a layer of light coloured chippings)is applied to 
the top surface of the roof. 

Because wind can blow this gravel off the roof, it is normally applied 
as a "double pour", if the roof is near flat. This consists of pouring 
bitumen onto the roof, spreading gravel over it while still hot, brushing 
off loose gravel when cool and repeating the operations. The single pour 
method used on roofs with slopes greater than 1/2" in MO" simply consists 
of pouring bitumen on the roof and embedding chippings in it. 
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Gravel surfacing on a roof is provided to: 

a. Protect the bitumen from the sun's rays 

b. Act as an aesthetic finish 

c. Act as fire protection 

d. Act as a traffic surface 
Check the appropriate statements 
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Gravel surfacing on a roof is provided to protect the bitumen from 
sun, firebrands, and to provide an aesthetic finish. No gravel 
surfaced roof can be safely trafficed. Special means must be used 
to provide waterproof traffic surfaces. 

Excessive traffic, i.e. traffic other than for maintenance access, 
can quickly result in chippings being driven through the bituminous 
membrane resulting in rapid failure of the roof system. Leaks in 
flat roofs are difficult to locate and repair because of the gravel 
surfacing. Thus attempts have been made to find substitute finishes. 
Two methods are in use: 

1. Mineral coating of felts at the factory 

2. Application of a reflective coating to the roof surface. 

-The first method employs the use of coated felts for the final roof 
surface shown as NIS or nineteen inch selvage rool roofing. It is 
quite satisfactory in use, but is difficult to install without 
stainjng the mineral surface with bitumen while still maintaining 
full adhesion between plies, consequently it is normally used on roofs 
of minimum pitch 2" in MO", where occasional lack of perfect adhesion 
is not a serious problem. 

1ne second method does not have the problems of the first, but it is 
in reality nothing more than an asphalt based paint, so that its 
service life prior to recoating is normally no more than five years. 
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NIS IS (a) satisfactory (b) unsatisfactory as a finished surface 
for a traffic free roof. 

A roof coating is (a) superior (b) Inferior to NIS as a roof 
finish* 

Check appropriate statements. 
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NIS fs satisfactory as a finished surface for a traffic free rcof, but 
If It were to be used on a roof normally accessable to people, its mineral 
coating would soon wear away leaving the felt itself exposed to the elements. 
In any case the roof would be uncomfortably steep. A roof coating is 
generally inferior to NiS, but it can be used on roofs sloped less than '2" 
In MO" which NiS cannot. The service life of NiS is normally in excess of 
15 years. 

Obviously there is no simple answer to these questions, as Is the case with 
many problems in architectural design and construction. Selection of solutions 
depends upon factors contained in the specific problem. 

The most important part of any roofing job' is that is should keep moisture 
out of the roof structure, both from above and below. 

Moisture entry from below the roof structure Is controlled by 

a) The roofing membrane 

b) The Insulation 

c) The structural deck 

d) The vapour barrier 

Check one 
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Moisture entry from below the roof structure Is controlled by the vapour 
barrier ^ 

It Is not neccessarily stopped by the vapour barrier, because vapour pressure 
Is almost always present. The vapour barrier, which may be of tared paper, 
polyvinyl chloride film, bituminous felt, bitumen or any other low permeability 
material is best placed on the warm side of the insulation on top of a rigid 
supporting deck or surface. It must be continous. No breaks or tears can 
be allowed. If the vapour barrier is faulty, or does not exist, early failure 
of the roof membrane will result. 



roof membrane 



condensation 



Biimmimimmmi 



vapour pressure 



vapour pressure 



with good Vapour Barrier 



without Vapour Barrier 



In order to relieve vapour pressures within roofs, insulation breathers are 
sometimes used, usually one very 100 sq. ft* 



This solution to the problem has rarely been 
entirely satisfactory, and so coupled with 
the problem of increasing usage of roofs as 
pedestrain areas and as landscaped surfaces 
new methods of roofing are gaining acceptance. 



For much more detailed coverage of 
flat roofs see A/V presentation no, 



methods of construe 
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The conventional flat roof Is heir to a number of difficulties. 

1. It requires perfect workmanship to perform satisfactorily. 

2. Repair of flat roofs, particularly when gravelled, is difficult. 

.3. The "sandwiching" of insulation between two impervious membrar^es can 
cause trouble if moisture becomes trapped within. 

4. It is a relatively fragile surface. 



Thus a practical alternative has to be found. The most hopeful roof type that 
has yet been developed is known as the "protected membrane roof", and the 
concept is extremely simple. The vapour barrier becomes the only waterproof 
membrane, and the insulation is placed on top of it. There is rather more to 
the system than this of course, but this is the essential difference. 

The basic requirements of materials for protected membrane roofs are: 

1. The membrane must be tough smooth and moisture resistant . 

2. The insulation must be capable of withstanding direct exposure to the 
elements, without losing its insulation value. 

3. The deck must be smooth, rigid and sloped to drains. 
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Which of these insulation materials can be used exposed to the elements on 
a roof? 

a. Glass fibre b. Fibreboard c. Polystyreme foam 

d. Polyurethane foam e. Cellular glass f. Straw fibre 

g. Mineral fibre. 

Check the appropriate materials and turn to p. 116. 
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None of these materials can be used exposed to the elements on a roof. All 
are adversely affected by one or more of the conditions experienced in the 
open. As an experiment, obtain samples of at least four of these materials 
and using the facilities of the Construction Lab subject them to immersion 
in water (24 hours) freezing (24 hours) exposure to ultra violet radiation 
(24 hours) . 



The following experiment must be undertaken in the Construction Lab 
Intent 

To observe the effect of freezing and thawing and ultra-violet light on various 
types of insulation- 

Theory 

Water when reduce in temperature to freezing has the ability to expand with 
great force* Materials that draw up water by capillary action retain this 
water even when subjected to freezing. If the structure of the material does 
not allow movement for the expansion, then that material must make room for 
it by other means. 

Method 

1. Obtain samples of four different kinds of insulation. 

2. Immerse samples in water in container for 24 hours. 

3. After 24 hours, drain of most of the water (leaving about 1/2"). 

4. Place container of samples in freezer for 24 hours (using the ultra 
violet light) . 

5. After 24 hours, take container of samples out of freezer and immerse 
in water which is at room temperature for 24 hours. 

6. After 24 hours place container in freezer for 24 hours (not using ultra- 
violet light). 

Report 

Note any changes in various types of insulation on a weekly basis. 

2/116 
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Your results will indicate that only some of these materials survive these 
tests unscathed, and if you inspect samples exposed over long perioos to the 
outside environment, you will find that none of them are entirely satisfactory. 

Therefore all insulation must be protected, although the kind of protection 
needed will vary with the material. 

Thus the protected membrane roof will take the form as below. 



Surface protection 




Structural deck 
(s loped) 
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The surface protection provided for the 
accessable can be 

a) a water resistant material 

b) a material opaque to ultra violet 

c) a reflective material 

d) an el asti c materi al 

e) a heavy material 

Check the appropriate choice. 
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insulation where it is not generally 
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The surface protection provided for the insulation where it is not generally 
accessable can be a material opaque to ultra violet light. 

There are two main classifications of protected membrane roof. 

I. The roof which provides two waterproof membranes as the sketch below. 



membrane I 




i nsu I ation 



membrane 2 



Special drain 



The special drain allows water vapour to evaporate from between the two 
membranes and from the insulation, and also drain the lower membrane if 
water should find its way down to that level. 

2. The roof which provides one waterproof membrane as the sketch below. 



the projecf sequence, any leaks developing can be detected and repaired 
prior to final completion. The roofing system can be completed after all 
work operations which might cause damage have been completed. The principles 
involved in flat roofs are quite si.mple.CompI ications arise only when dealing 
with flashings and at protfjsions through the roof surface. 
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Perlnieter of roofs are finished on variations of two basic themes 

a) the overhanging roof 

b) the parapet wal I 
Typical overhanging roof type 

mu»f*%f.^t^i^,iH2 plies membrane stripping & 

I 




3 coatings of emulsion asphalt 



-2 plies cold process 53 lb. 



felt asphalt adhesive and/ 

surface coating of emul^o 
^ v,x^— 



/] 

\ I I j i Acceptable deck surface 
.! i : ^-vapour retardant as spec. 

cant strip min. 4/4" — 45"face 
blocking same thick. as insul. 
-fascia set straight and true 
. 1) ^ by general contractor 

Woodbevt! ^^nail approx 3'0" on center 





»»Pttf •muHioA Is lop •« mul 



2 pt*^ (r*mb<«rt« ttfippMie 

•Ad i coJi'oet of «fnu:i<on «sph«i( 



? ri>n cold procrss lt<l S3 ib 



Mi 



underlay s^«et 




underlay she«t 




-nail approx 6" on centers 

metal flashing 
^fascia set straight and true 

by general contractor 
■^.n^il approjt. 3'0** on center 

^undediy th«et 



metal securvly 
fastened into 
regiet and 
caulked 




Flashings are usually made from sheet metal - copper, lead, zinc, 
galvanised steel, stainless steel, oraluminum, and sometimes from 
NIS felt, copper coated fibreen, fibre glass reinforced plastic 
and a number of other less usual materials. 



The requirements of a flashing material are'ji. That It should be 
impervious to moisture, 2. Non corroding. 3. Compatible with 
other materials used in system 4. Easily worked. 5. Low in cost. 

The most commonly used material for average quality work is aluminum, 
usually embossed to mask the inevitable wrinkles and buckles that 
occur with temperature change and movement. 
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Draw typical details of roof/wall connection and overhanging roof in wood 
frame construction at I 1/2" - TO" scale. Instead of the traditional flat 
roof shown in the details on page 120, adapt the details to apply to a 
protected membrane roof. 
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Flashings are used to 

a) Provide a neat appearance where roof joints other elements. 

b) Provide a robust finish at points susceptible to impact damage. 

c) Provide a watertight connection at changes in materials 

d) Provide a flexible watertight connection at changes in materials 
Check I . 
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Flashings are used to provide a flexible watertight connection at changes 
In materials. They should also fulfil the requirements of a. b. and c^ 
but the primary purpose is as stated above. 

Because flashings are constructed of materials with finite dimensions, 
methods of making water tight joints must be used. 



3. Interlocking joint 



These connections are particular y applicable to sheet aluminum. Solde"ing ot 
materials such as copper was frequently used in the past, but high labour and 
material costs make this technique unusual at the present time. 




mastic compound 



Simple lap joint 




2. Cap strip joint 
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cxDncrete wal I 




reglet 



Name the flashings at A, B and C above, 



Bituminous roof 
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A Is a cap flashing 

B is a counter flashing 

C is a base flashing 

A 4 B are aluminum, C is bituminous. 

Note that the cap flashing uses a galvanised strap to provide concealed 
fastening for neatness of appearance and water tight connections. In this 
case the flashing is snapped into position. 

The top of a cap flashing should be 

a. flat 

b. sloped 

c. sloped towards roof 

d. sloped away from roof 
Check I 
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The top of a cap flashing should be sloped. The direction of slope Is not 
critical to the performance. of the flashing itself, but it is usually arranged 
to slope towards a drained surface. The area of flashing is usually so little, 
that there is no noticeabit increase in the amount of precipitation apparent 
to persons standing below. 

The design and detailing of roofs for satisfactory performance is no simple 
matter, but it is basic knowledge that all architects are expected to be 
conversant with. 

Further information can be obtained by reviewing A/V presentation number 

Draw an anoonometric or isometric of the parapet and roof flashing details 
as shown on page 124- at scale of I" - TO", and with joints at 4*0"o.c. 
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The basic principles of moisture penetration are 
L There must be moisture present 

2. There must be a hole through which it can move 

3. There must be a force present to move it inward. To which building 
elements do these statements apply? 

a. Floors b. Walls c. roofs d. windows e. doors 
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The basic principles of moisture penetration apply to all building elements. 
Floors, walls and roofs have been covered in the preceeding pages, together 
with aspects peculiar to the element under consideration. Windows generally 
are required to provide specific benefits. Although designers have been 
known to make use of the window^ (then known as a 'void^) as purely compositional 
emphasis, the window has. specific and straight forward functions to perform. 

It must I . Admit I ight 

2. Provide view 

3. Provide ventilation (often but not always) 

4« Act as a separator between inside and outside environments. 
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With the current state of technology windows are 

a) Neccessary to admit light 

b) Neccessary to provide ventilation 

c) Neccessary to provide a view 

d) not neccessary 

Check the appropriate statement* 
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With the current state of technology windows are not neccessary. This of 
course is purely a technological view point, but, in fact, some buildings 
have been completed without them. It Is doubtful that window I ess buildings, 
except for very special purposes, will ever gain full acceptance. However, 
It is generally accepted that an abundance of windows particularly on South 
East and West exposures Is environmentally undesirable and excessively expensive 
in terms of energy usage. 

Refer to Canadian Building Digest No. 39 Solar Heat Gain through glass walls. 
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Large areas of glass in the external walls of a building are undesirable 
because 

a) Excessive glare Is produced 

b) Excessive heat gain results 

c) Condense'**!on occurs on glass 

d) Cold drafts occur 

e) They are expensive 

f) Excessive heat loss occurs 

g) Thoy leak 

h) They are expensive to Install and maintain 
Check the applicable statements. 
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Large areas of glass in the external walls of a building are undesirable 
because excessive glare is produced, excessive heat gain results and 
excessive heat loss occurs. These are the technical reasons for reducing 
numbers and size of windows. 

You would not have been wrong if you checked any or all of the other state- 
ments, but these problems result in the main because of items a, b, and f. 

All of these problems can be taken care of by careful sizing, orientation 
and design of windows. 

A windows parts are known as 



tne head - - jj 



the jamb ... • 
the sill k 



head" — 


"1— r* 

T 










sill— .^CH 







Where groups of windows are connected together to form larger windows the 
vertical members are known as mi I I ions , and the horizontal members as 
t ransoms subsidiary members within the window Itself, reducing the sizes 
of the glass panes are known as olazing bars . 

All these parts have been related to fixed windows, that is, no part opens 
for vent i lat ion. 
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Th are an almost bewildering variety of opening windows, and certain 
cor tions are used on elevations drawings to indicate the method of 
opening^ 

This is a double hung or vertical slide window. The arrow 
indicates which windows move and in which directions. 



This is a horizontal sliding window. 




This is a casement window , that is the ventilator opens hinged on 
the side indicated by the dotted arrow head. Indication of whether 
it opens in or out must be noted in the drawings or specifications, 
otherwise it is assumed to open out. 



tt-' ' 
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This is a top hung window or awning window, unless indicated 
otherwise it is assumed to open out. 
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This is a bottom hinged or hopper window. inless indicated 
otherwise it is assumed to open in. 



This is a horizontally pivoted window. The short lines through 
the jambs i'ndicate the locetions of the pivots. 



This is a vertical I v pivoted window. The short lines through 
the head and sill indicate the location of the pivots. 



This is a jalousie window in ^^^yi^ eacfTglass blade pivots as 
a louvre. ^ 

There are additional variations on these windows. Mechanisms which move the 
pivot points away from the frame of the window are known as projected windows. 
The addition of further systems of sliders into sliding windows channos thom to 
becor^ 'double double hung' and double horizontal slide windows. 

Make perspective sketches of a 'double double hung' or a double horizontal 
slide window, and a sketch section through each type, not to scale. 






The double horizontal slide window should look something like this. 

Currently double horizontal slide aluminum windows are very popular, and 
can work extremely well in residential construction. 
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A large number of materials are used for fabricating windows. The traditional 
material, and still excellent if carefully designed and manufactured is wood. 

Windows are made as well from extruded al uminum^pressed steel, hot rolled steel, 
stainless steel, lead, bronze and plastic, with permutations of most of those 
materials. It is also possible to gleze directly into masonry, wood, and 
concrete structures. 



Comprasion of Properties of the three most popular window materials. 



Material 


Coeff. of Thorma 
per deg. F 


1 Expansion 
in/IOOVlOO" 


Thermal Transmission 


Moi sture 
Movement 


Wood 




l/lOO" 


"96 Btld./Mr/Ft^ 
1" thick per "F 




Steel 


7X10-6 


3/4" 


21 .60 


Ni 1 


Al umi num 
(anodised) 


14X10-6 


1 1/2"+ 


154.80 


Nil 



From these figures it can be seen that tnese materials are significantly 
different in performance, the advantages of one material may be disadvantages 
in others. For our purposes at the moment the most important factor is thermal 
transmission, for this is the most obvious and most annoying problem that 
is faced in otherwise satisfactory windows. 



The most obvious effects of high thermal transmission in window frames is 
condensation, and when temperatures are very 'low, icing. 

Icing will occur a) When outside temperature falls to 32°F b) V/hen inside 
temperatures fall below 12^F c) When surface lemperature falls below 32®F with 
condensation present. 
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Icing will occur when the surface temperature of the glass or frame at the 
Inside surface falls below 32°F. with condensation present. 




INSIDE" TfTN/ip. or 
SIMPLIFIED PHSYCHOMETRIC 
CHART AFTER ASHRAE 

From the chart above, it can be seen that air at 75®F with a relative humidity 
of 60% (a reasonably comfortable level) will be at saturation level at 60®F 
approx. .)elow this temperature it will begin to be apparent on window glass 
and frqmes as condensation . 

Repeat this excerise with temperatures of 70®F and relative humidities of 30% 
40% and 50%. Record your readings. 
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At lO^F and 30^ R H Saturation is reached at SS'^F 
At lO^'F and 40> R H Saturation is reached at 45''F 
At lO^F and 505^ R H Saturation is reached at SO^'F 

Between 40? and 50% R H is usually considered to be most comfortable, but the 
average maintained in Canadian homes is usually less than 50% R H and 
frequently as low as \2%. At these low levels discomfort is experienced in 
several ways, not least of which is a feeling of chill, with consequent 
raising of temperatures by artificial means to closer to 8D®F which compounds 
the condensation problem. 



The thermal conductivity of glass is the normal limiting factor for the window 
So long as the frame has lower conductivity than the glass condensation is 
assumed not to affect the materials around the frame. 



Material 


Heat transmission per ®F per hr. per sq. ft. (U) 


Sheet glass 


1 . 1 0 (average) 


Double glazed 5/16" air space 


.65 


Double glazed 1/4" air space 


.62 


Double glazed 1/2'' air space 


.57 



Thus wood frames over 2" thick have as much or greater thermal resistance 
than even the best double glazed units. But the metals have obvious problems. 
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In order to make metal frames perform sati sfactorl y it is neccessary to include 
a thermal break in the frame. This takes the form of a material of high thermal 
resistance, or low thermal conductivity. 

The most commonly used materials are wood and plastic. Plastics are currently 
highly favored because^ of their ability to accept extrusion; 



ou+s i de 




p lastic extrusion in 
aluminum frame 




steel frame on wood 
subf rame 



Research manufactures technical trade literature and perpare detailed plans 
and sections through three types of window. 

1 . Wood casement 

2. Steel awning type window 

3. Aluminum hori ontal liding 

Draw these at the scale of 3" - MO"; include thermal breaks where necessa-y. 
All windows must be double glazed. Thermal breaks are required In windows 
whube frames are made of aluminum, steel, stainless steel, plastic, wood. 

Check the appropriate materials. 
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Thermal breaks are required in windows whose frames are of aluminum, steel 
and stainless steel - and any other metal for that matter. 

If you had included materials other than those above, review pages 135 through 138 
before proceeding further. 
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Most users wi I ! tolerate faults in window performance so long as they do not 
leak water or air. 

To achieve even this performance is not as easy as it would appear. 

Two main aspects must be considered when evaluating window performance in 
connection with air and water leakage. 

1. The window assembly itself 

2. The connection between window and walls. 

You will remember that in earlier discussions it was stated that in order 
for leakage to occur there are three factors involved. 

1. There must be water present 

2. There must be a hole through which it can move 

3. There must be a force ^present to move it inward. 

The window in its simplest form consists of the frame - a head two joints 
and a sill, the glass and a device to hold the glass in place. 
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The first point at which leakaqo can occur is at the junction betv/een horizontal 
and vertical members. This joint is made either as a mortice and tenon joint 
or as a mitre* 





mortice & tenon 



mi tre 



In the case of wood windows, leakage at these points rarely occurs, as the 
members are glued together and the whole assembly primed and painted. 

The problem is usually at its worst in aluminum windows; in the cheaper 
aluminum frames, the extrusions are accurately cut, mitred together, and 
fastened in this position by a metal angle bracket. This allows the possibility 
of leakage at the mitres. 

— 



Often to get over these problems, this type of wi'ndbw'is caulked at the mitres, 
but caulking compounds break down with use. This method is used because it 
is cheap. In steel windows, and in better quality aluminum windows there 
joints are welded producing not only better weather proofing but a frame with 
superior rigidity. Leakage or condensation collecting in the hollow members 
of aluminum sections will result in leakage at the sill, despite the location 
of the water entry point. 
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The next leakage poinl- ov^curs the junctions between glass and frame. Several 
methods of making joints at this point are in common use. 

The traditional rijethod was fu use putty - originally a mixture of white lead and 
I indeed oil. The frame ^t. Ojck puttied, the glass bedded into this putty, sprig 
(small nails) were used ' ^old the glass in position and then putty was applied 
at a 45° angle over these fastenings. 



Un fuftun ]r»,t ly , although the material is resilient and waterproof and workable 
initially, even when protected by paint, as it must be, it rapidly dries out, 
nardenc. and falls away. This permits leaks to develop, and could even result 
in the glass falling out of its frame. 

Current methods can be categorized as sealants, tapes and gaskets in 
comb i not ion with removable glazing beads. ii 




Materials have improved, but this basic 
method is still sometimes used. 



f^^^lled steel frames 

J e sealants €M*tner with 

} rhout Deads , as do 
w'jo^ w I ndows . 




\v',iK Screwed bcoc 
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Aluminum and pressed steel windows usually use gaskets or butyl tape or a 
combination of these with or without sealants, with spring in or screwed 
In beads. jiii 



The advantage of gaskets is that they are simply reused after glass replacement. 
But they must be preformed and held in place under pressure. Tapes are very 
satii.tfactory but must be replaced when windows are reglazed. They too must 
be held in place under pressure. Consequently a combination of tapes and gasket 
after installations of the window glass onto the tape and ^he bead provide the 
required pressure on the tape, allows part of the system to be reused and 
simplifies reglazing. Special purpose 'zipper' gaskets are also available. 
Gasket pressure in these installations is achieved by installing a spline. 



Snap in bead and gasket 




tape ancTgasket with snap in bead. 





Gaskets are generally expensive. 
Zipper gaskets are very expensive 
and are tolerable only on projects 
where large quantities of identical 
items are requi red. 
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The most likely place for a well designed window to leak is at 

a) The nead 

b) The sill 

c) The jamb 

d) The glazing beads 

e) The junctions of head and jamb 

f) The junction of frame and glass 

g) The junction of frame and wall 

Check one. 
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The most (ikely place for a well designed window to leak is at the junction 
of frame and wa I L 

The window itself can and is manufactured to v^ry close tolerances under controlled 
conditions. The opening in the building is usually made of materials and under 
conditions where 1/2" Is considered to be a superbly accurate tolerance. Under 
these circumstances the 3u^l procedure is to bjng up the gaps between window 
and wall with sealant* V ^unately bunging up the holes rarely keeps wind and 
water out of a building fd ,ong. Nevertheless once one is aware of the problem, 
design skill can be exercisea to reduce the possibil.r/ of leakage at this point 
to an absolute minimum. 

To depend upon a sealant alo^* a waterproofing seal is dangerous. The best 
solution to the problem ■ , to cfjsign the junctions so that it is waterproof 
without the use of seala * ^nd to use the sealant as an air seal. 
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Based upon your understanding of the "rain screen" principle as previously 
discussed when we examined walls . -d roofs can you sketch methods of making 
the wall/window junctions proof to f*ain entry without the use of sealants? 

Record your solutions below and on the back of the preceding page if necessary. 
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Ste&l ffx:jme ip Cnf^Sonru^ vender. 




s+eel -frame in concrei-e. 



The sketches above illustrate some ways of achieving the desired result. 
However, each building design produces its own problems. The connection details 
must be carefully considered at the design stage so that the influence of differing 
materials is adequately resolved. In fact in order to produce an entirely 
satisfactory window, the use of sealants must be accepted. The stetch below 
Indicates the essential principles of frame constructions for satisfactory control 
of air and water leakage. ^ Mill' J 



water deterrent 
(fal lure of seal does 
not result in leakage) 




air deterrent 



^Pressure equalization 
and drainage hole 



Q Examine manufacturers technical literature, and prepare sketches based on this 
ERJC®^®^''^^-^®"^°"^''"'^^''"'"9 effective use of the principle of pressure equalization 
uBsffiain frames as applied to two windows, og^ each of aluminum and steel. 
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The opfj'ium location for a sealant in a window component is 

a) at the outside face of the COToonent 

b) at the inside face of the component 

c) at both inside and outside faces of the component. 
Ch5ck I turn to page 149.* 
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The optimum location for a sealant in a window component Is at the Inside 
face of the component* 

The reasons for this are many, but the two essentials are: 

t. The sealant is located in a position where temperature variation is at 

a minimum, and therefore the material is not called upon to respond to extreme 

temperatures or movement induced by these temperature changes. 

2. Placing the sealant at the inside face prevents the movement of warm moist 
inside air into the cold parts of the wall, and thereby reduces condensation 
on the frame and in the wall. 

Unfortunately it is not always possible to locate the sealant In its technically 
optimum posiiion, but even so satisfactory service can be obtained by careful 
design based upon an understaridi ng of the mater-Jal. 
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Satisfactory sealant joints are achieved by using 

a) as much sealant as possible 

b) as little sealant as possible 

c) an even bead of sealant 

d) a carefully controlled amount of sealant 

e) a sealant bead of controlled shape 
Check the appropriate statements 
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Satisfactory sealant joints are achieved by using a sealant bead of controlled 
shape. 

This type of sealant is gun applied. It is a viscous liquid that curves to an 
elastic material of high extensibility combined with good cohesive and adhesive 
abilities. In designing joints to receive this type of elastomeric sealant. 

Certain basic principles must be adhered to in order to achieve satisfactory 
performance* 

1. Although the shape of fhe joint neccessarily changes, its volume remains 
constant; which means that the geometry of the joint responds to movement. 

2. Because the thicker the bead depths the greater the force required to 
extend it, deep beads have become prone to tearing away from the material to 
which they are inte.-ced to adhere. 

3. Too shallow a bead will result in ruptjre of the seal itself. 

4. In order to prevent complication of stresses, a sealant should only 
adhere at opposite surfaces. 

The size of the joint is dependent upon the relative movement of the materials 
and components it connects but the sketches below embody the basic principles. 



Note that the fillers ensure that the cross section depth is less than the 
adhesive depth and that the joint depth is controlled by the placement of 
the f i I ler. 




Butt Joint joint 5X expected movement 



Corner bead 
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An aluminum box section window frame is to be set in a cavity wall. 
Prepare a detail of the window wall interface showing the location 
and shape of the sealant joint a) on the outside face of the assembly 
b) on the inside face. 

Assume that the total movement to be accomodated is 1/8". 



ERiC 



158 



153 



It should be apparent that components cannot be fitted together without 
tolerance sufficient to permit movement without causing deformation of 
the component itself. Where opening windows are used/a gun applied 
sealant cannot be used to achieve air and water seals. 

Resort must be made to weatherstripping. 

Weatherstripping must permit easy opening of ':.e window or door, but 
must achieve a tight seal when closed. It is usual to rely upon com- 
pressing the weatherstripping to achieve this. 

Several materials are used for this purpose 

1. Metals (thin bronze, copper, stainless steel 

2. Fabrics (wool or acrylic pile) felt 

3. Plastics (Vinyl polyethylene, po!y urethane 

4. Rubber 





TYPICAL METAL WEATHeRSTfeiP 



WOOL PILE 



3 




TYPICAL NETOPfSEMEl 



l2UBBEfe OR PLASTIC 
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Many more sophisticated weatherstrlpping details can be found in text- 
books and In manufacturers literature but the principle is the same: 
Compressing a gasket to form a weather tight seal. 

Doors use exactly the same principles. Usual ly, unless special purposes 
dictate, weatherstrlpping is applied to outs 1 de"- doors only. In order 
to control passage of sound air or light; however, inside doors may be 
weatherstrlpped as we I . The Jambs and heads of doors are simply handled. 

I 



MEAD OR JAMB 




722Z 



Fa 




METAD 0I5JAMB 



The ci!l, however, is another matter, as usually It Is desirable for 
good clearance to be provided for floor f I nishes, etc* Some methods 
of providing a weathertight seal are shown belowy 




Once again the same principles are used to provide satisfactory performance. 

160 
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The principles embodied in the sketches on p. 154 are, 

a) Use of gravity to promote drainage 

b) Compression of gasket to provide air tightness 

c) Use of tight fit to avoid capillarity. 
Check appropriate statements 
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(c) is incorrect. Close fit will not avoid but promote capillarity. 
For demonstration of the mechanism of capillarity, see experiment in 
construction lab. 

The use of gravity to cissis+ in drainage comvined with a tight weather 
seal at* the inside face is sometimes known as "two stage weather- 
tightening". The technique is deceptively simple as it requires that 
elemunt'-> be designed specifically to handle one conditon at a time. 

Draw at the scale of I 1/2" - I '0" a detail through a solid external 
door and frame, which cibodies the principles of two stage weather- 
t ighlen i ng. 

In order to undertake this task successfully you will need information 
on types of doors and frames. 

Doors are classified as flush, panelled, or glazed, and may be constructed 
of wood, steel or aluminum, as may be frames. 



2 



3 



JAMB 




Wc^d 



Steel 



Aluminum 



The above are a) interior b) exterior 
If ycu checked a) turn to page 159 
If you checked b) turn to apge 157. 



door frames 
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The following experiment must be undertaken in the Construction Lab 



Intent 

To note the amount of rise of water relative to the spacer between two 
similar materials. 

Theory 

Capillarity is a form of surface tension between the molecules of a 
liquid and those of a solid. When the adhesive force is stronger (capillary 
action) the liquid will tend to rise above mean level at the points of 
contact with the solid. 

Equipment 

Tray, two pieces of pane glass, glass holder, thin spacer, thick spacer. 
Method 

1, Add water to the tray to about 1/2" on glass, (Observe rise between 
the two pieces of glass), 

2, Now take the two pieces of glass out and dry, 

3, Place the two pieces of glass with the thin spacer back in tray. 

Conclusion 

Request report on methods of producing answer to problem, 

3/156 



FJErbdr 
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The \rir,>y^ Aio.un :uu IJ be used on internal doors but are usually used 
on exterior doors. As always the major problem is to achieve a 
sari sfact-cry junction between frame and wall. It is equally important 
fo ensure that the frame is fir^nly fastened to the structure. Doo^s 
:^e:;jentl/ .-es^eJ /e .ens ■ jer^^j I o ul^ ;so and thus if frames are not 
^jsfened securely rj the structure nsightly damage can result which 
can leaa in turn fo unsat i s f actc-y per-ormance and even failure. 

.Norn^ally three frame anchors are used for each jamb (6 per frame) in 
"T-ne case of frames to dissimilar materials. For example wood t^ames in 
a masonrv wall (a) steel frames in o stud wall (b) or steel frames In 
o masonry wa M (c) 




Naturally wood frames are simply fastened to studs with fin»shtng 
n.iil5, so that the head can be driven below the surface ot the frame, 
jrvJ -fne hole leff cm be filled. Doo^s -jre tastened to their f'-ames 
oy W'i/ hinges which are known as butis. These are screwed +o frame 
and door in order to ease i nsf a I I a"f ion and removal. 



•niernal doors ar^ usually of light weight conslrucnon and therefore 
jse only two hinges or, expressed \n building trade ferminology, one 
:.air of butts. For heavier and exterior- doors I 1/2 pairs (or 3 hings) 
•;er dcor or leaf are used. Unless specifically requested, all hinges, 
or Dutts are supplied with J loose pivot pin, which simplifies even 
^ :r^^er rhe business of h-jngmg doors, Dut equally results in making 
n-e e-.'Sier for tho thief as well. Thi.$ for exfenor or secure- 
interior doors fixed pivot pin ninges :.hould be used. 

Hinges can be obtained in a wide variety of materials, qualities ana 
designs. The ordinary hinge uses plain bearings, nrore expensive 
hinges are pro/ided with roller bearings. 
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A. This is d nail 

(common) (spiral) ( f i n i sh i ngT" 

B. This is a nail 

( common ) 1 sp i ra I ) ( f i n i sh i ng ) 

(Fill in appropriately) 



7ZSZZL. 



13= 
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-r.e larjc head rtc^duces tr^e risk o* ^^ulLfiy, 



r » I 



' rcime implies it is -jsed '.• ^'n^sh-^y 
I vi^siDle when the building is Mni~,hea 



'-te,-Kil .K'O' t.'ome G.-e:. no*t require a sill, ^: no ot ^empT has 
ce rr'.jje T rf,a-rri,r otMermg climates be-^ween rooms In normal cir- 

^stjn:es., 1^ is also jsual to arrange ror floor finishes to be 
J' tno bjrr.e level, despite their thickness to dvo id the po^is-bility 

o .njr>je tn le.e! ccjusjng danger. inte'^nal door frames fan be 
^ery Simple: 



STOP 





''^ "'v- ^j'' Steei frame "^'yp'c/al 

the -^ketcnes aooye, the head ot the frame is shown o^iy, j.v the 
^amts jre IcenticaL Only the rough r ram mo, which is nc^ a pa'-r 
tne dco- '.'arr.e wif.es. The rough open-ny ,p rhe s^ud ^an i.s* 
's no*' ^he same s i ^'e as the door opemng. 
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The rough opening in the stud wall is not the same size as the door 
opening, as* the prepared space must not only provide room for the 
door and frame, but must also allow room to make final adjustments 
to the locations and plumbness (or vertical ity) of the frame. The 
amount of tolerance provided, varies with the type of frame, and in 
fact metal door frames are often "built in"; that is, the frame is 
erected first and the wall built around it. However^the wood door 
frame is rarely if ever constructed this way* A good rule for arriving 
at rough opening size is to take door width +2X nominal frame thickness 
+ 1/2", for the width, and door height + nominal frame thickness 
+ 1/2" for the height. This is for a single leaf swing door, for 
double doors the rule must be modified to take account of the extra 
leaf and additional cl3aranre. This will usually amount to the door 
width + l/4*^ Packing, or shims are inserted between studs and 
finished frame to take up excess clearance* The most popular door 
at the present time is the flush door* It may have either a hollow 
or solid core* A solid core door costs between 3 and 4 times the 
cosf of a hoi low core door* 




I Avail able 1 3/8" and I 3/4" thick 



Hollow core: I '6" - 3'0" wide 
in 2"' increments X 6'8, 6'8", 
7'0" high (interior) 



Solid core: 2M"-3'6" wide in 2' 
increments X 6'8", 7'0" high 
(exterior) 



Standard door sizes 



III 



Sol id core door 



hoi I ow core door 
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'l--^' li ^o'tj door is (hedvier) (lighter) than a solid core 
door ^^^j (should) (should nor) be used as an external door. 

delere i oappropf i ate words. 
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A flush hollow core door is lighter than a solid core and should not 
bo used as an external door. The hollow core door because of its 
lighter construction deteriorates rapidly if exposed to the weather 
and is unable to stand as much abuse. In addition its security value 
is lifnited, particularly due to the method used to provide rein- 
forcement for tne lock installation. See sketch on page 160. Locks, 
bolts, door handles, door clober, latches, hinges kickplates and so 
on all come under the heading of hardware. The subject of hardware 
has become so complex that it has given rise to a group of people 
who offer a service to the building trade as hardware consultants, 
in orJer that you have so.re idea of hardware, and so that you can 
extend your knowledge frotv a basis of understanding you should be 
familiar the terms used to describe the various items. 

A ldt<r. sot has no provision for locKing with a key. 

A lo(> set has provision for locking with a key, but does not L c:^* 
neccessarily have a bolt. 

A rjf- Icitch, rim lock or rir dead lock ore designed for surface 
noun ting on the door. 

A mort'^o !'?.t-ch, ric-rioe lock or mortice dead lock is recessed into 
the th ickfioss of the dcor. 

A knob set consists of two knobs and a spindle, usually square. 
A lever set consists of two levers and a spindle, usually square. 




A striker plate, or receiver, is a plate attached to the door frame 
to receive the latch, do It or both. 



A nignt latch, which may be rim or mortice, is a lock operable by key 
on the outside and knob on the inside. It is usually provided with 
sn{b so that the latch can be held in the open or retracted position 
(Jurinq the day. 

Kickplates are approximately 10" high, and protect bottom surface of 
doors from damage. 

Mop plates are used in the same location but are only 4'* high. 
Push plates and pull plates' function is obvious. 

Ooor closer, usually hydraulic damped can be mounted on the surface or 
concealed in the head frame or floor. 

A de.j'J lock incorporates a sliding oolt in addition to a latch. 



Mak^^ sketches of each of the items mentioned above- 



if 
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As wej j _as_f lubh doors, wood doors are. often panelled, or glazed. 




hood pjnel door 



glass panel 



Sizes: height 6'8", 7'0" 
widths 2'4'', 2'6", 2'8" 
2' 10", 3'4" 

thickness I 3/8", I 3/4". 



door 



ors are not only available in wood, but in other materials as- well as 



r 






1 




• 








• ' ! 
ii 

1 : 
t i 






_i| 





Siyrene foam core 
Steel door 



1 



i 1.', ) ; 



I \ 

^/ 



steel stiffened 
Steel door 



/ I 



: — - 



< ■ 



I 



glazed panel 
steel door 



M Ka lame in door is a solid core wood door clad in steel • This type of 
';oor, steel doors and some wood doors can be obtained certified as to 
fire resistance. In certain locations fire doors must be used. Specific 
rejiilations will be found in the National Building code. Although doors 
drt> njJe in stainless steel, bronze and other expensive metals, these 
are special doors, and the last metal type we will consider Is the aluminum 
do3r. 



Aluminum doors are used for appearance, and are almost inevitably glazed. 




detail of aluminum door 



Aluminum doors are most frequently used as exterior doors, cinri jn 
pur)Mc pi rices in order to provide fire ocape doors must bo fi.ted with 
panic hordwa^e - these are devices whicfj permit doors to bo simply 
opened by pressing on a bar from the inside. A key is ubually use 
to gain dccess from outside. Doors mcjy be glazed with ordinary or 
wi red gl ass. 
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Glass Is available in tremendous variety. Once it was fairly simple 
to understand glass types. However, the broad categories are: 



1. 


Sheet glass 




2. 


Plate glass a) 


pol i shed 




b) 


float 


3. 


Cast glass 




4. 


Toughened glass 




5. 


Coated glass 




6. 


Tinted glass 




7. 


Wired glass 





In doors, sheet and plate glass are used where a view through the door 
is required. Sometimes doors are made from toughened glass, in which 
case no frame is required around the glass. Where a door is used as a 
fire escape, then any glass used must be wired. Wired glass is not 
stronger than other glass, but if broken the wire prevents glass from 
fal I ing. 

,ii 




Wired glass must be used in 

a) All external doors 

b) Uoors used as fire escape doors 

c) I nterna I doors 

d) All doors in fire escape routes 
Check appropriate statements 
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Wired glubb mubt be used in all doors in fire escape routes whether 
inside or outside. 



Suec»tic requirements for doors and exits are described in Part 3 of 
th« Notional building Code. 

Conventions for indicating the location and operations of doors 
must be used on drawings. 




single swing door 



double swing 




double doors opening 
one way on I y 



';cjble doors, double swing 



si iding door 
in pocket 



double sliding doors 




revolving door 



surface si iding 
door 



si iding/folding 
door 
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In order to travel from one level to another in a building stairs must 
be used. Other devices such as elevators, escalators and ramps are 
also used, but they do not obviate the use of stairs. Comfort and 
safety in using stairs is very ifnportanf. Several formulae have been 
developed to assist in designing stair dimensions, but first you must 
understand the lerminolooy. 

J ^ 

. ise^ j 





In order to arrive at an acceptable 
are used for interior stairs. 



tread the following rules 



I Riser + I Tread = 1 7" - 18" 
or 2 Riser + I Tread = 24 - 26" 
or I Riser X I Tread = 70 - 75 

The size of a tread is the size withoul the nosing. In order to ease 
the use of stairs it is best to indued a nosing of I" - I 1/2". The 
minimum that should be used is 5" and the maximum 8". Between 

6 1/2" and 7 1/2" is most comfortable for the average person. Stairs 
designed exclusively for the very young should be sealed down in terms 
of both treads and risers 
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A stoir i-;. roqui red to co nnect two levels in a buildina 

i 



A landing Is required halfway between levels, approximately. 

r-houid De the tread and viser dimensions' 

a) 6"R X I2"T b) 7"R.XII"T c) 6I/2"RXI0"T 

d) 7 3/7" rise II l/2"T e) 8 2/3"R X IO"T 



What 



Check the appropriate selection. 
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Only t und 0 dre appropriate, as only these give the right proportions 
of tread to riser and fit exactly between floors and landing. Each 
rise and tread in a stair should be exactly the same size, otherwise 
the user cnn trip and fall in either direction, (n providing directions 
on J Orawirhj as ro rise and run, the information will be provided in a 
different manner as shown below* 




7 v^i^.i 5 



"7 y^Q. 



lecTi on 



Plan 
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^'hf jetiil •^un-.truction of a traditional wood stair depends upon 
wnetner If ib of closed or open string type 





closed string 



open string 



in either case the basic stair is bui It up of carriages , usual ly two 
per stair, but sometimes three in a wide stair and strings, wh»ch are 
the finished sides of the stair. 





typical stair long section 



cross section 



In addition to a surface on which to walk, a device is required ro 
prevent people falling off the stair - this is the balusfrade - which 
consists of the components shown on the sketch below. 




*'^ake an axonometric sketch of I flight of an open string stair. 
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The height of hand rails on a stair should be 2' 8" tc .'10" measured 
off the nose of the tread and at landing should be 2' 10" - 3'0". The 
minimum width of a domestic stair is 2'8" clear. Clearance between 
obstruction and stair should be not less thon 6 '8". 



/V 



The configurations a stair may take consist of 




do^ ' ) t^Ji'^^x' >-''(" in tiers 



Curves erf vaviowi^ "fj^pes 
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A spiral stair cannot be used as a primary means of escape, but it is 
an attractive and economic stair in terms of space occupied* 

Spirals can be constructed from aluminum, steel, cast iron and concrete. 
All spifr?! stairs are built up from a central tube. The treads are 
either canti levered off the central tube or use a combination of 
ca^iti levering and s/F.')ort from the previous tread, known cjs open riser 
treads* 




'4^ 




Open riser treads 



Cant 1 lever treads 




Stai r 
diameter 


Treads 
in 

Circle 


Riser 
Si ze 


Head 
Room 


Platform 
size 


Wei 1 
opening 


3' 6" 


12 


7i"-9" 


6 '9" 


22" 


3'8" 


4'0" 


12 


7j"-9" 


0'9'' 


25" 


4 '2" 


4 '6" 


12 or 
16 


7"-9" 


6'9"- 
7'0" 


28" 


4 '8" 


5'0" 


16 


7" 


7'0" 


31" 


5 '2" 


5'6" 


16 


7" 


7'0" 


34" 


5'8" 


6'0" 


16 


7" 


7'0" 


37" 


6'2" 



cue VAT" DM 
CANTILCVCR TYPE 
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If you refer back to p. which covered the matter of vraming 

openings in floors, and combine that information with information on 
stairs you should how be able to produce a sketch showing the complete 
assembly. Attempt to draw a section showing a single flight wood stai- 
connecting to a wood floor at top and onto a concrete slab at the bottom 
Scale not less than 1/2" = I'O". 

Turn to page 174 after you have completed this task. 



ERIC 



189 



174 




Section through stair. 



Not only must framed openings be constructed for stairs but also 
around fireplaces and flues. Although the use of electric heat is 
increasing, it is still more economical to burn oil or solid fuel 
for heating and most people enjoy an open fire in any case. Both 
furnaces and fireplaces require well designed flues in order to 
operate satisfactorily. 
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Headers and trimmers must be kef>t clear of chimneys and flues by a 
minimum of 2" in order to avoid 1he possibility of combustion taking 
place. 

Chimneys are constructed of incombustible materials such as brick, 
concrete, stone or steel. Flue linings may be fire brick or hard 
glazed flue lining in a variety of sizes and sometimes steel. 




The fact that a flue works at all Ic based 
upon two simple facts. 

1. Hot gases and air are lighter than cool 
ai r. 

2. Air pressure reduces the higher one goes. 

This second fact has implications beyond its 
application to flue design as it is this that 
is the cause of a number of otherwise unexplained 
effects in multistorey buildings. For the 
moment it is sufficient to know that if a ■*'i-to 
open at two ends is suspended vertically, there 
will be air flow from bottom to top. The longer 
the tube the greater the draft. Flues shorter 
than 15*0" frequently give unsatisfactory service. 

There is a positive relationship between fireplace 
face opening and flue cross sectional area. F.ue 
area should be approximately l/IOth the area of the 
fireplace opening area, and never less than I/I2th 
at any time. 

The sketch on this page clearly indicates the 
relallonship and size of throat to fireplace. 
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Flues should always be centered over the fireplace. 



B ■ MiN 12 IF 



4 ' TO WOOD 



2 TO WOOD STU03 
0« JOISTS— 



UMiT FO« WOOD TRIMv 



VACATING GFTECT 



AT Uf:A«%T ^ OijT 
NOT _^ r * t £0 




PLAN 

Fi reploce open inq sizes 



W i d f-h 


Height 


Depth 


Sp 1 ay 


rteq ' d f 1 ue 
area 


flue size 
round 


f u 1 e s i ze 
rectangular 


2'0" 


1 '6"-|'9" 


1 '4"-| '6" 


4" 


min. 70 
sq. i n. 


10" 


8 1/2" X 13" 


2 '8" 


1 '9"-2'0" 


1 '6"-l '8" 


4" 


77 sq. in. 


12" 


8 1/2" X 13" 


3'0" 


2'0" 


1 '8" 


6 1/2" 


86 sq. in. 


12" 


12" X 12" 


3'4" 


2'0" 


1 '8" 


6 1.2" 


96 sq. in. 


12" 


!2" X 16" 


4 ' 0" 


9f 1 1/2" 


l'9" 


6" 


120 sq. in. 


15" 


13" X 13" 


51 Q.I 


2'6"-2'9" 


2'0"-2'2" 


9" 


198 sq. in. 


18" 


16" X 20" 


6'0" 


2'9"-3'0" 


2'2"-2'4" 


9" 


260 sq. in. 


20" 


20" X 20" 



At the top of the chimney, ^aps should be provided to reduce water 
ingress and to aid in combating downdrafts. 
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Prepare sketch plans and sections, elevations and details of the simple 
building shown below 
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■1 
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ELEVATION 



SECTION A A 
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With the completion of the last assignment you have completed volumn I 
of the programmed instruction construction program. By this time you 
should be aware of most of the principles underlying modern methods of 
construcing small buildings. These same principles apply to ail 
buildings, although complexity and systems change and increase. 

Thank you for using this book. 

Please take the book and assignment io the instructor and at the same 
time request the test paper. 

Following are a list of publications to which you may wish to refer for 
further information.. 

Architecture - Drafting and Design - Hepler & Wallach 
Architectural Technology - G.H. Anthony 
Bi'Iding Construction - W.C. Huntington 
Architectural Graphic Standards - Ramsey & Sleeper 
National Building Code of Canada 
Canadian Building Digest 

Principles of Modern Building Vol. I & 2 - Building Research Station (U.K.) 

Construction Materials & Processes - Don A. Watson 

Construction Principles Materials & Methods - Schmidt, Lewis, Olin. 



ERiC ISi 



APPENDIX 



Nailing for Framing, Sheating and Subflooring^ 

Canadian Bui I ding Digest (21) | 
(Cavi-.y Wal Is) 

Canadian Building Digest (39) || 
(Solar Heat Gain Through Glass Walls) 

Problems of Decay III 

Canadian Bui 1 ding Digest (III) IV 
(Decay of Wood) 
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SHEATHING AND SUBFXOOR ATTACmiENT 



Eement 

L —X 


Min. Nail 
length, in. 


Min. Staple 
Length, in. (3) 


Mio. no. or 
max. spacing 


1 fis and Vs in, plywood or 
t particlcboard 

' >n. to Vi in. plywood or 
particleboard 

; V$ tn. plywood or particle- 
board 


2ii) 
2<l) 

2V4 


2 

N/A 


6 in. O.C. 1 
along i 
edgf^ and 
12 in. o.c. 
along inter* 
mediate 
supports { 
1 


^ in. and Vi in. iibreboard 
sheathing 


13/, (2) 


V/i 


i 

i 
1 


^2 in. gypsum sheathing 




N/A 




board lumber 8 in. or less 
wide 


2 


2 


2 per 
support 


board lumber more than 
8 in. wide 


2 


2 


3 per 
support 


Column 1 


2 


3 


4 



NAHJNG FOR FRAMING 


Constnictioo Deull 


Minimum 
Lcocth of 
Nails (m.) 


Minimum 
Number or 
Maximum S 
Spacing of Nails 


FUmf <OMt to nl»tm — toe nAtl 


3% 


2 


Woods or sacuS iutppiog to uu(icnt«S« ct floor joists 




2 1 


^Vma httiAtit%M to SoutS 


2% 


2 each end ' 


Doubted bMdcr or uinxiDcr joists 


3V4 


12 in. ox. 


PIaat fet«t to atii/f /lulloofi cDoitnictioo) 


3V4 


2 




3V4 


2 per Joist 


ti%<«t li> toMtanliec f«M «tv> Table 9.23.i3.A.) 


i% 


2 tt each end 


Tflit (nttt to AdiACent heAflf f lOitt 

(end OAtted) around openings 


3V4 


5 
3 


Etch header joist to adiacent tnmmer Joist 




5 
3 


4f»i4 tA f)lMt£ feach And) tiM amiI 
wnff ^la&v *uw/ wait 

or cod oaii 


3« 


4 

2 


1 Doubled atuds at opetungs, or atuds at paxtitioo or watt 
i intenectjons and 'oroers 


3>/s 


30 lo. ojc* 


' Doubled top wall plates 


3>/i 


34 to. ox. 


Bottom wall plate or sole ptau to Joists or blockint 
(cjiurtor walls) 


3% 


16 io. ox. 


totenor parlitioos to franuDf or aubflooriof 


VA 


24 to. ox. 


HorUontal member over opeaiop in ooo load beariof 
p a rtj tio OS — cac b e n d 


3% 


2 


UftUts to atuds 


3% 


2 tt tAcS} eod 


CciUniioist to plate— toe oait each end 


3% 


2 


Roof rtlUr* roof tniu. or roof joist toplau — toeoati 


3V« 


3 


Railcr plate to each ceiling joist 


4 


2 


lUAcr to Joist (with ndge supporu>d) 


3^ 


3 


ItnAer to joist (with ridge unsupported) 


3% « 


tttTtble9J3.l3Jlu 


OuaMt plate to each rafter at peak 


vu 


4 


lUiAcr *'i ridge board — toe nati 
end nail 

CotUr tit to rafter — each erd < 


iY* 

y/4 


4 

3 
3 


1 CoUar ti4 taurat aupport to each collar tit 


2V4 




Itcit rafter to hip or valley rafter 


3V« 


2 


RoofatAit to rafter 


3W 


1 


Roof ftrul to bearing . trtitioo — tot atll 


iV4 


2 


2 by (cr Itsi plaok decking to support 


VA 


2 


?ltnk dtckiog wider thao 2 by 6 to aupport 


3V& 


3 


14a. tdff laid plank decking to aupport (tot oatt) • 


1 


1 


tAm. td|t taid plank to etch other 


1 


II la. ox. 


Column 1 ^ ^ 

iK7 


2 


1 * ..j 



I 



CANADIAN 

BUSLDiMG DiGEST 

DIVISION OF BUILDING RESEARCH . NATIONAL RESEARCH COUNCIL 

CAVITY WALLS 




by T. Ritchie 

The term "cavity walP is applied to a type 
of masonry wall construction in which a con- 
tinuous air space* or cavity is provided inside 
the wall. A cavity wall I here tore is actually 
two walls separated by an air space, but joined 
by means of metal lies for structural strength. 
They are extensively used in European coun- 
tries, particularlv C.eat Britain, where they 
have been developed as a means of obtaining 
protection fro;n penetration of ram throuj^n 
masonry walls. In recent years in North Amer- 
ica many important buildirif^s have been con- 
structed with cavity walls. 

This tvpe of c«instruction is by no means 
luodcin. Tradititmaily solid masonry was used 
to enclose b-.nlvlinijs and suj^port the leads of 
loof. H'Ors. furnishinci and occuuints. Dut as 
long ;;;o ts the lust century it was not un- 
usual frr C *..n/: i- .n tuilders to use cavity walls 
instead of -yylni inas jnry and many such build- 
ings are ^till In use. 

Advantages 

The most obvious advantage of L.ivity walls 
over thost: of solid masonr)- is the possible 
reduction in the amount of masc.nry u^ed in 
consfiiclion, but other advantages siich as im- 
proved l?i»»rmal insulation* are obtained from 
them. If a Ii^inch solid brick consisting 
of three bricks side-by-side is compared with 
a 10-inch cavity wall composed of two bricks 
separated bv a 2-inch air space, it is found 
that even though the latter wall is 2 inches 
thinner thar. the solid v.all it h.i.^ slir^htlv 
ureater resi.r.-.ncc to flow of ficnt through the 
wall (i.e. it has greater insulating vahiv). 

Iht* ino^t impoitant advant.ige cf c.ivitv 
fivfr solid masonry walls, however, is the posi- 
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tive protection against rain pcnetraHon v.hich 
cavity walls can provide. In many buildings 
solid masonry walls have been used under se- 
vere conditions of exposure to wind-driven 
rain, and frequently under these conditions the 
restdt has been penetration of moisture through 
the masonry to the interior, producing "damp 
wall" problems. Cavity walls, on the other 
hand, do not permit rain penetration; by their 
design, water cannot reach the inside surface 
of the wall. When rain falN on a cavity wail it 
may penetrate the outer wall, but the water 
then trickles down the inner surface of the 
outer wall and cannot traverse the cavity. The 
base of the wall is provided with metal flash- 
ings that direct any water that has entered the 
ca\;ty outward througii openings .[weep holes) 
provided for the purpose. 

Construction of Cavity Walls 

Cavity walls do not require special masonry 
units. Conventional ores are employed al- 
though metal ties instead of bonding units tie 
the masonry together. Tfie outer part of the 
cavity wall is usually brick masonry. The inner 
wall may also be of brickwork, but it is often 
constnicted of structural clay tile, concrete 
blocks, or plain or reinforced concrete. 

When a cavity wall is constructed on a foun- 
dation wall it is essential that a properly-de- 
signed gutter be installed behveen the foun- 
dation and the wall. The metal flashing which 
forms the gutter is placed beneath the outer 
part of the wall, and is shaped so that it turns 
up behind the outer wall ;:nd is carried into a 
mortar joint of the inn?r wall. A tvpical ar- 
rangement is shown in Fig. 1. 
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OUTER WALL 

AIR S CS (2**)- 
METAt TiE 



FLASHING TO 
FORM CAVITY - 
COTTER 



WEEP HOLE 
(«40RTAR OMITTED) 

FOUNDATION 

WALL 



^ INNER WALL 



•BRICK 



-MORTAR JOINT 



Figure 1 



Typical Flathinte InUaltalton at Bearine 
Support of Cavity Wail. 



cU*^tio>c*d by nistiiiC in service; for this reasdii 
the use of non-foiioii*; lies is cIcMr.ible C<)pj)iM 
.ind l)i()ii/i* ;iic stilt. iblc tii.itcri.ils, .is is st^rl 
with copper welded to the stirfaee or steel th.il 
h.is been p.dv.tni/ed by hot dippini;. Uneo.itcd 
steel ties or those eo.ited with cement, tar oi 
p.iiiit are not considered suitable for eavitv 
w.ills. Coriupted metal stiips ot the type fre- 
quently used to tie veneci to a backiuc nn- 
teii.il should not be used in cavity w.dl con- 
stuietion. 

Ties of several shapes are available, but that 
most commonly used is 7-shaped. Rect.uigul.ir 
and U-shaped ties aie also common (Fig. 2). 
Cavity wall ties are usually provided with a 
**diip" featine so that any water passii^^; 
niong the lie falls off at the drip into the ca- 
vity. Thev should not slope downw.ird to the 
inner wall as this encourages passage ot water 
across the cavity. 



The gutter collects water that moves down 
tlic cavity and must be d:.uned. For this pur- 
pose mortar may be omitted from the verticil 
joints of the bottotn course of bricks in the 
outside wall; usn.dly every third joint along 
the course is left open. 

During construction of a cavity w'al! the in- 
ner and outer p.irts are anchored by metal ties 
laid ill the hoiizontal mort.n joints. They are 
urranged in a definite pattern. It is essential 
that the air .'^pace be kept conMiiuous and not 
bridged by mortar or other ni.itcrial that will 
allow* water to pass .icioss the cavity. To en- 
Sure this, wooden strips are usually used to 
collect mortar that drops into the cavity as the 
bricks are laid. They are placed on a row of 
lies and as they are pulled iip to allow instal- 
lation of the i)e\t series of lies, the colleeted 
mortar is removed fiom the cavity, e'resh mor- 
tar that may have fallen into the fitter at the 
Imsc of the w.ill may be removed by a liosed 
stream of water. 

Ties 

It is the function of tics to anchor the two 
p.irts of the cavity w.dl together so that ade- 
quate &trc*ncth m.iy be obtained fiom the wall 
assembly. The tie must be sliong in itself, and 
enough of it must be embedded in mort-^^r -c. 

J>rovi(ie adec|n.ite .uKlioi.tge. It should oe at 
e.)St 3 'tG uich in diameter .iiid should be bent 
at l)Oth ends to form 2'inch legs In .iddition, 
it must be corrosion resistaiit so ihn it is not 
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Figure 2 Shapes of Cavity Wall Ties. 



Spacing of Ties 

Pioxisions for cavity walls in the National 
6tiilcJin£: Code of Canada re<iuire that ties be 
spaci'd \eitie.illy rot moie than IS inches apait 
and horizontally not more than 36 inches r^pait. 
The ties inttst be stagguied from course to 
coiiiic and each tie must extend at least 2?! 
inches into the masonry. .Additional ties are 
re(]iiiied around openings in a cavity wall. 
These arc inst.illed not more than 12 inches 
fiom the opennic and aie spaced less than 3 
feet apait .iiouiid it. 

Structural Frame Buildings 

A Miucltir.tl frame of steel or reinforced con- 
crete nit-mbeis is usual in Noitli America in 
the construction of buildinus higher than three 
stones, and is often used for lower buddings as 
well. Ill this t>*pe of construction the frame 
i.ither tli.in the rn.isonrv w.ills is used to sup- 
poit the loads on the buildnic NIasonry merely 
shields the interioi frotti the we.ither .md re- 
sists the .spread of fire. 
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Cavity walls have been combined effectively 
with sliucluriil memliffS of fr.une-fype hiiihU 
iiigs to provide excellent protection from 
weather. Frequently the outer surfaces of 
spandrel beams and columns are placed in the 
same plane and the iiuier part of the cavity 
wall i:» cniistnictcd flush with the surfaces of 
the beams and columns and anchored to them, 
while the outer p.irt is earned on a shelf formed 
by a sreei angle attached to a beam, usually 
at each Rror level. A typical arrangement is 
shown ii; Ti.,. 3. The outer wall is anchored 
to the inner \- -ill by metal tics. It is also an^ 
chored to the columns; in the case of concrete 
columns this may be done by dove-tailed an- 
chors that fit into anchor-slots provided in the 
concrete members. Similar details are used 
when the structural frame is of steel members. 



OUTER WALL 

AIR SPACE (2")- 
wCCP MOLE 



SHELF ANGLE, 
GALVANIZED 
STEEL., 80LTE0 
TO 3EAM 



_SPaNOREL 
SEAV 



.INNER V^ALL 
WALL TiE 



Figure 3 Typical Arr<nj;ement of Cavity Walt at a 
Spandrel 6eam« 

The shelf ancle supporting the outer part of 
the cavity wall acts as a flashing to form a 
gutter. Where adjacent angles abut flashing 
must be placed over the angles to cover the 
joint. To drain the gutter, wecp-holes are pro- 
vided in the course of bricks resting on the 
angle by the omission of vertical mortar joints. 
The shelf angles should be galvanized steel in 
order to resist coirosion. 

Door and Window Openings 

Where a door or vxindovv is fitted into a 
cavity wall the conliinnlv of the air S[)ace is 
jiroken* and care must l)e taken to prevent 
uatcr fiom passing along the door or window 
frame to the interior. If a window is installed 
iinincdiatelv beneath the shelf ande attached 
to a spandrel l)c.iin the noimiil Hashing de- 
tails f;)i the shelf angle aie sufficient to pre- 



serve the water-tightness of the wall along the 
top of the windfiw If openiii(^s are m.ide else- 
where, however, a sep. irate angle is provided 
as the lintel, and over the angle proper flash- 
ing must he installed to collect water moving 
down the cavitv and ueep-lioles provided for 
ilr.iiiuige. 

The sides of door- and window-frames must 
be designed so that water cannot travel along 
them to the interior. Diverter strips that pro« 
ject from the sides of the frame into the ca« 
vity are usuallv provided for this purpose. 

Control Joints 

The outer part of a cavity wall forms a rela- 
tively thin skin around a building and may be 
subjected to appreciable changes in tempera- 
ture and moisture content, producing stresses 
which lead to cracking, hi addition, the outer 
part of the wall may be affected by move* 
ments taking place in other components of the 
building. Experience in the design of cavity 
walls has indicated the value of providing ver- 
tical control joints in the outer part of the 
wall to accommodate these movement:*. It has 
been found that the corners of cavity walls are 
particularly susceptible to cracking when a 
.structural frame has been used. .\ccordingly« a 
vertical control joint is usn.illy provided in the 
outer part of the wall about 3 or 4 feet from 
the corner. In addition, to reduce the jhance 
of cracking, the outer pait of a cavity wall 
should not be tied *o corner columns of con- 
ciete. 

There is an even greater tendency for move- 
ment to take place in parapet walls than in the 
nam walls of a building, and there is therefore 
a special need for control joints. Continuing 
the cavity upwards from the main walls into 
the parapet appears to be a desirable feature. 

Cavity Insulation 

In recent year's special insulating materials 
have been deve;oped for filling the air space 
of cavity walls in order to improve the thermal 
insulation value of the wall. The materials arc 
pour-t^pe insulations treated to tender thein 
u atei'-iepellent. 

Since the main advantage of cavity walls — 
resist.mce to rain penetration ~ depends on 
ktepnm the air space free of anything that 
nimht form a "water bndge", it might l)e e\- 
pec reel th.it filling the cavity would destroy its 
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resistance to rain penetration. Laboratory tests 
have indicated^ however* that this is not the 
case if specially prepared insulating materials 
treated to be water repellent are used. 

Condensation 

In the north-eastern area of the United 
States the performance of many cavity walls 
has been studied for several years. No special 
vapour barrier was installed in the buildings 
to control movement of water vapour from tiie 
inside to the outside, and there appeared to be 
no harmful effects of condensation in the walls. 
When high relative humjdit>' is maintained in 
a building* however, and the outside air tem- 
perature is very low, as mav be the case in 
many areas of Canada in the winter, there is 
danger of condensation of water vapour in the 
walls and of frost action. Under these condi- 
tions it seems wise to provide vapour barrier 
protection to cavity u.ills* particularly if the 
cavity contains inbiilatjng material. 

Building Code Requirements 

Special requirements for construction of ca- 
vity walls, particularly limitations on height, 
are contained in most buildmg codes. The Na- 
tional Building Code of Canada 1960, for ex- 
ample, states that the maumum height to 
which a cavity wall may be built above its 
bearing support is 36 feet. For buildings taller 
than this it is necessary to provide intermedi- 
ate bearing support so that the allowable 
height above the support is not exceeded. 

The minimum thickness of a cavity wait is 
10 inches, the cavity being not less than 2 nor 
more than 3 inches wide. For load-heanng ca- 
Wty walls the Natioiial Buildinq Code requires 
that the minimum thickness of the top 12 feet 
be 10 inches, that of the portion more than 12 
feet but not more than 24 feet from the top. 



12 inches, while that part of the wall more 
than 24 feet from the top must be at least 14 
inches thick. As for solid masonry wails, lateral 
support, either horizontal or vertical, must be 
provided for canty walls. 

It is generally required by building codes 
that mortars of relatively high strength be used 
in cavity wall construction, probably becau.se 
resistance of the thin juier part of the wall to 
lateral force is important. A general rule seems 
to be that mortar for cavity wall construction 
should be at least as strong as a mortar con 
taining equal proportions hy volume of litr.tf 
and Portland cement (1:1:5 or 1:1:6 by vol- 
ume of Portland cement : lime : sand). At the 
same time it should possess good workability 
and water-retention properties. 

Conclusion 

Cavity walls provide an important advantage 
over walls of solid masonry in that they can 
afford complete protection against rain pene- 
tration even when exposed to conditions of 
severe wetting by wind-driven rain. Under 
similar conditions rain leakage through solid 
masonry walls is not uncommon. There are 
three essential requirements for cavity wall 
construction: the caWtv wall must have a gut- 
ter at its base to collect leakage water and 
drains t ) direct water out of it; the two parts 
of the »vall must be anchored together with 
metal ties that are corrosion resistant and ade- 
quately strong; the wall must have a cavity 
free of mortar or other material that may form 
a water bridge across it. 

Cavity walls have been used in many coun- 
tries over a long period of time and have 
established their excellent performance record 
under widely varymg conditions. 
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SOLAR HEAT GAIN THROUGH GLASS WALLS 




by D. G. Stephenson 



If the ladiant energy from the sun that is 
c-onstnntly faUing on the earths surface had 
to be bought at Yid per kilowatt hour the daily 
bill would be the staggering sum of $10,000 
billion. On a mote comprehensible scale, the 
maximum intensity of solar radiation falling 
on a squaie foot of horizontal surface in the 
temperate latitudes is of t\\c order of 100 
watts; for vertical surf.iccs it is about 75 
watts. Theie is, therefore, a large amount of 
energy falling on the outer surfaces of every 
building at certain times of the year - energy 
that can cause serious performance problems 
if it has not been fully taken into account by 
the dtJMgner. It is the purpose of this Digest 
to show the magnitude of the solar heat gain 
associated with glass areas in the different 
facades of a building, ar.d to discuss the sev- 
eral ways that it can be reduced. 

Intensity of Sunshine 

The intensity of the sun's rays that pene- 
trate to the bottom of the atmosphere depends 
on the claritv of the atmosphere and on the 
length of their path through it (ie. the angu- 
lar elevation of the sun above the horizon). 
The energy that is incident on a unit area of 
a particular surface depends upon the inten- 
sity of the sun's rays and the angle at which 
they stiike the surface. The maximum inten- 
sity for a horizontal surface occurs at noon 
at the time of tl - tummer solstice for all 
latitudes outside of the tropics. F*or example, 
the maximum insolation on one square foot 
of horizor.tal surface is 93 watts at Ottawa 
(latitude 45^N) and 83 watts at Winnipeg 
(latitude oO^^N). At the winter solstice the 
corresponding ficcures for noon on a clear day 
are 39 watts and 29 watts respectivelv. (Mul- 
tiply watts by 3.4 to obtain Btu/hr.) 

The radiation that falls on vertical surfaces 
is, however, often of mure importance in build- 
ing design (because of windows) than the 
radiation on a horizontal surface. The orien- 
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tation of a wall is an additional variable. A 
wall facing south at Ottawa receives a daily 
maximum of 45 watts, ft- at noon on June 
22nd or thereabouts; but at the equinox the 
dailv maximum has increased to 65 watts/ft-; 
and the yearly maxmium may be as high as 
100 watts/ft- in winter if theie is snow on the 
ground to reflect some sunshine onto the wall. 
East and west facing walls, on the other hand, 
receive their mxximum irradiation in the 
morning and afternoon, respectively, when 
the sun's rays are more nearly perpendicular 
to the wall surface. The annual maximum for 
east and west facing surfaces at Ottawa is 
about 75 watts/ft-. It occurs at midsummer 
approximately 4 hours before and after noon 
respectively (as indicated by a sun-dial). The 
magnitude of the daily maximum changes very 
little between midsummer and the equinox, so 
that the value of 75 watts/ft- is representative 
of the daily maximum insolation on east and 
west facades during the period from April to 
Of '--r. 

Transparent Walls 

When solar ladiation falls on glass and other 
partially transparent material some of the in- 
cident eneigy is reflected, some is absorbed 
l)v the material, and the rest is transmitted to 
the inside of the buildmi;. For ordinary win- 
dows the absorption is quite a small fraction 
and transmission much the largest part. It is 
not alwavs appreciated, however, that the 
reflection from the surface of glass varies con- 
siderably with the angle of incidence, i.e. the 
anule between the liuht ravs and a line per- 
pendicular to the surface Figiire 1 shows the 
variation of the reflection, absorption and 
transmission of solar radiation by a single 
sheet of ordinary glass. The noon values of 
the incident ancles for a south wall at Ot- 
tawa are shown on Fimire 1. They indicate 
that transmission will have a daily maximum 
value (if 70 per cent of the incident radiation 
at midsummer and thst this wi!l increase to 
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85 per cent at the e({uinu\ «tnd to a inaxiinuin 
of 87 per cent .it noon in nn'dw inter. 

It is easy to apprecute why a hnikh'ng de- 
sipier .shm\l(l tnko gie.it care tu miniini/.e solar 
heat f^ain when one C'un<;ick'is tlic cost of the 
air<*<'on(h*tionin^ pl.int nectloil to K-nmve it. It 
has lieen st.itcd that the in^oi.ition on o.tst and 
Wfst fac'inji w.ills ran be 7.5 \v.ilt<;'ft- at the 
daily ni.i\inunn chtiing tlu* whole pciiud from 
April tu OitohcT. The incident ant^le for these 
Mil faces at the time of peak insoi.it iuii is less 
than -^0 (le^rm so that transmission is about 
♦S7 per rent for a single bheet of glass. One 
huinlu'd Mpiaie feet of ordinary glass in a 
west facade won Id. theiefore. transmit 6.5 
kilowatts to the inteiior of the building. All 
this energy must eventually be removed by 
the vetitil.ih'ng and aii-coiulitioning equipment. 

Foitnii.itely all of the tiMnsiuitted solar ra- 
diation does not immedi.it ely act to increase 
the cooling load: .some is stored in the floor 
and internal walls, which absoib the radiation 
and are warmed by it. The maxiiuuin cooling 
load has been found* to be about 60 per cent 
of the maximum iiisr.-.ntaneoiis heat gain for 
u modern muhi-stoiey office building with 80 
per cent of the exteiior wall made of glass. 
Thus the maximum cooling load associated 
with the solar transmis5ion through 100 ft- 
.•)f ordinary single glazing in a west wall can 
he taken as 60 per cent of 6.5 kilowatts, i.e. 
ahiMit 4 kilowatts or just over 1 ton of re- 
fri;;erati()n. 

The cost of an nir-conditioning system de- 
pends oil the type of building and the type 
ot svstein used, but it usually exceeds $1»000 
per ton. This lepresents about $3U0 per ton 
for the Lt.*ntral coohng phint with the other 
.^700 for the distribution system. The increase 
in the e<>st of a building that can he attributed 
to the .sohir heat gain through a window de- 
i)eii<l.s. therefore, on whether or not the added 
lieat gain ineieases the peak cooling load for 
the Imilding. If it does, the full SI. 000 per 
ton should he charged to the window; other- 
wise, a fignie approaching the S7()0 per ton 
co.st of the (hstril)iition system would he more 
appropriate. If the added light piovidod will 
result ill a deciease in the use of artificial il- 
Inininatioii. however, some credit may be al- 
hnved. Thus the initi.d cost of air-conditioning 
equipment re<|niicd to remove .solar heat .id- 
iiiitted through .in e.ist or we.st facing window 
may add about $7/ft'- of wnidow to the cost 
of the hiiilding. There is in .iddition .m annual 
operating cost for this equipment. The heat 

• Sli'MlHMtson. D. G. and G. P. .Mn.»b^. An analog 
cvatuatinit of methods for controibng $ohr heat 
Itatii tlirou{;h windows. Joiimal. Amcfican Society 
of Ifcjnng. Reffijcffating and Air Conditioning En- 
ginmt. VoL 4, No. 2, February 1962» p. 4M6. 
(NRC (iSfiO) 



g.iin fiom heat conduction through an equal 
area of insul.itod opaque wall is less than 
5 per cent of the transmission through the 
glass, so essentially all of the $7/ ft- should be 
added to the cost of the glass to give an 
eipiiv.ilent first cost of a window. 

The corresponding figures for .a window 
area iii a south facing wall are; 

at the summer solstice, a transmission of 
70 per cent of the incident be.iin of 45 watts/ft-, 
which gives an instantaneous he.it gain of 31 
watts/ft- at noon; 

at the autumn equinox, a transmission of 
8-5 per cent of the incident beam of 65 watts/ft- 
for an iiist.intaneous he.it g.iin of 55 watts/ft-. 
These figures show some of the .advantages of 
orienting a building so that the windows are 
facing south rather than east or west; the max- 
imum heat gain due to soLir r.idiation tr.ms- 
initted through the glass is less and the 
maximum oceuis at the end of the cooling 
season so th.it it does not coincide with the 
maximum cooling load due to ventilation. 
Noith windows, of course, have very small 
solar heat gains. 

Control of Sola*' Heat Cain throufih Windows 
The real cost of removing the heat that 
enters a building through the windows is so 
gieat that it is economic to spend consider- 
able sums of money to reduce sol.ir he.it gain. 
The most obvious method is to use aome form 
of shade to intercept the radiation before it 
even reaches the window. This can be done 
much more easily for south f.icing windows 
than for those facing east or west, since for 
the south facade the angle of incidence is large 
in summer and projections from the wall con- 
sequently cast long shadows. 

Solar heat gain through a south facing win- 
dow can be significantly reduced also by tilt- 
ing the ghiss as shown in Figure 2. The energv 
falling on the window in this conKguration is 
the same .is would occur if the window were 
vertical and had a 1.4-forit projecting sh.idc 
along the lintel. The tihed glass reflects 45 per 
cent of the r.idiation when the incident angle 
is 78 degrees, compared with 23 per cent 
when the glass is vertical. This difference in 
reflectivity decreases as the se.ison progresses 
toward the winter solstice, and in winter the 
tilted and ve*tical windows transmit essenti- 
ally the same amount of solar energy. 

Reflectivity of glass can be increased by 
coating the surface with either a very thin 
metalhe film or a film of (h'rlectric mntpri.d ihM 
has a high index of refraction. Sealed ilouhle 
glazing units are now available with a reflective 
co.nting on the inside surface of the outer p.inc. 
Their reflectivity depends on the angle of in- 
cidence just as for uncoated glass, but the 
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.\t»<orptiiMi. rfHt'ctictii iiiu! tr.mMiussion ftir single 
xheet ot ordtnnry glass. 

v*:lne at all angles of incidence is higher lhan 
for ordinary ijlass. 

Blinds piovicle .mother melhoci of solar con- 
trol. A li.nht colomecl hiind reHecls some of 
ihv .solar radi.Uion .md absorbs ihe rest. This 
causes the blind to lu-at until it is losing heat 
at the N.une rate as it receives it fioni the sun. 
If tho bh'nd is in the loom, most of the eneri;y 
it al>M>ibs is addt-d to the rooni's cooh'nj* load, 
ff it is between tlu» panes of a double window, 
however, some of the absorbed enerciy is trans- 
ferred to the outside air and the loom's cool- 
ing load is reduced .iccordingly. It k desirable, 
thcrefoie, to use light colomed blinds and. if 
possible, to place them between the panes of 
a double window. 

Heat absorbing glass is also widely used to 
reduce so^ he.it gain. Glasses are available 
that absf over 70 per cent of the incident 
radiation so that tr.msm:V:on to the inside of 
rt building is ;ibout 20 per cent when the angle 
of incidence is small ind oven less when it is 
large. Absorbing glass is not as good as these 
figures indicate, however, because the energ\ 
that is absorbed by the glass is dissipated to 
the surroundings on both sides of the windov/. 
The proportion of absorbed energy that is 
transferred to the inside depends on the rela- 
five magnitudes of the heat transfer coclHcients 
at the inside and outside surfaces If cool air 
is introduced into the room through a gnll 
along the window sill moie than half the al)- 
sorbed energy is transferred to the loorn side. 
Thus, the use of heat absorbing gl.iss ma> 
c.iuse a higher maximum coobng load than 
occurs with ordinary class because pait of the 
absorbed energy is tr.msferred to tlie room air 



ery soon after it li.is* been absorbed by the 
glass. Energy transmitted through ordinary 
gl.iss is absoibed by the fioor, walls and fur- 
nishings and released much later. The heat 
stor.ige c.ip.icitv of those objects tends to 
spread the cooling lo.id over a considerable 
period of time .so that the peak value is re- 
duced. 

The effectiveness of he.it absorbing glass 
may be incieased by Ubing it as the oiiter pane 
of a dottble glazed window so that absorbed 
energy can be moie readily dissipated to the 
Dutside air than to the room air. An even 
gieater fraction of the .d)S()rl)ed energy can be 
rejected to the outside atmo.sphere if there is 
a fiee circni.ition of outside air throtigh the 
space between the panes of the double win- 
dow. The outer sheet of heat absorbing glass 
is then just a .semi<tianspaient otitside .shading 
device. 

Heat absorbing gl.iss cm sometimes be used 
to advaut.ige for sntith windo>.s if shading or 
lilting are unacceptable for architectural rea- 
sons. It has its best applic.ition. however, for 
east and west facing windows where effective 
outside !ihading becomes expensive and the 
simple e.xpedient ot tilting b.i> no appreciable 
effect. 

L.irge areas of glass in the outer walls of a 
building can cause undesir.d>le glare in the 
space ne.ir the wiiulows. Any method of re- 
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ducing solar heat ^ain will also allevnate glare 
since apprcximately half of the total radiant 
energy from the sun is in the wavelength re- 
gion of visible light. 

Heat Cain 

through Class during; Fall and Winter 

The foiegoiiiu discussion has been concern- 
ed with sohu heat gain during the summer. It 
is also important to consider heat transfer 
through windows during the other seasons. Any 
building that has 50 per cent or more of its 
outside H-alls m.idc of glass will have suiRcient 
solar heat g.iiu during some hours of the day 
In spring and fall to require cooling, even 
though the outside air tempciaturc is well be- 
low the desired room temperature. During the 
dark hotirs of these same days there will be a 
substantial heating load because of the high 
heat loss outwaid through the glass. The need 
for cooling during what is normally considered 
the heating season mearis that the air-condi- 
tioning distribution system must allow for the 
simultaneous distrihiiiion of a heating and a 
cooling medium; .md the building must be 
carefully zoned so that each area can have the 
heating or cooling that it requires. As this in- 
crease in the complexity of an air-conditioning 
system is mainlv a consequence of the use of 
transparent walls its cost should be charged 
against the glass walls. 

Class areas have higher values of over-all 
heat conductance (U value) than do insulated 
opaque walls; and large areas of glass in the 
outer envelope of a building cause higher rates 
of heat loss during the long winter nights. A 
larger capacity heating plant is needed, there- 
fore, for a building with extensive areas of 
glass than for one with walls containing con- 
ventional insulation. The net loss of energy 
through a wall is the diiFercnce between the 
loss by conduction to the outside air and the 
gain by transmission of solar radiation. This 
net loss during the winter months depends on 
the average outside air temperature, or the 
number of degree-days during the winter, as 
well as on the amount of radiation that falls 
on the glass. A double glazing of ordinary 
glass in a south wall at Ottawa, for example, 
has n slightly lower net heat loss for a whole 
winter than has a similarly exposed insulated 
wall. This small gain is probably olfset in most 
cases by the air leakage through the cracks 
around a window. There is, tlierefore. practi- 
cally no difference in Ottawa in the annual 
energy requirements for heating when a part 
of an insulated south wail is replaced by 
double glazing of ordmary glass, there is a 
higher net loss for other types of windows or for 
.. . • any «vindows in other exposures, the maxi- 



mum, of course, being for north facing win^ 
dows. 

This simple analysis assumes that all solar 
heat can be used to reduce heating require- 
ments. If a glass area is large it may be ne* 
cessary at certain times to waste some of the 
available solar heat; to dqgi otherwise would 
make the building uncomfortably warm. 

Summary 

Significant amounts of solar radiation are 
incident on all surfaces of buildings except 
the north wall. Solar radiation transmitted 
through unprotected windows or transparent 
walls causes a great increase in the cooling re- 
quiiemeiits of an air<onditioncd building or 
high air temperatures in a building without 
cooling. Shading and other methods of re- 
ducing solar gain are beneficial for both cooled 
and uncooled buildings. The initial cost of the 
air-conditioning equipment necessitated by a 
window of ordinary plate glass can be greater 
than the cost of the window itself; and there 
is. in addition, an annual cost of operating the 
system to pump out the heat that the glass 
lets in. Both these costs should be included as 
part of the price that has to be paid when a 
Duilding designer decides to use large areas of 
transparent materials in the envelope of a 
building. 

Solar heat gain can be substantially reduced 
by orienting a building so that there is a mini- 
mum of glass in the east and west facades. 
Windows facing north have very little solar 
ladiation incident on them; this is an advan- 
tage in summer, but results in increased ener- 
gy requirements during the heating season. 
Solar heat gain through south facing windows 
can be controlled during the summer by out- 
side shades or by tilting; if they are double 
glazed such windows do not increase the ener- 
gy requirements for heating in the southern 
parts of Canada. 

Where windows are deemed necessary in 
east or west facades the heat gain can be 
reduced by using double glazing, with the 
outside pane of heat absorbing glass; the ef- 
fectiveness of such windows is increased by 
allowing a free circulation of outside air 
tliroiigli the space between the panes. If seal- 
ed double gtazmg units are used a reflective 
coating on the inside of the outer pane is 
more effective than a pane of heat absorbing 
glass with the same liyht transmission. Finally, 
blinds can be used to reduce solar heating. 
They are more effective when located between 
the panes of a double window than on the 
room side of the wmdow. 
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V) Hardware - In many homes theso Items are completely neglected and after a 
few years thev jam or rust or otherwise become defective. 
A few minutes each month with a graphite spray or a can of 
special lock oil may delay renewal Indefinitely* 

8) Electrical - Periodic checks should be made of lamps and fuses to check for 
defects as lamp performance decreases rapidly Immediately 
prior to failure. Exposed wiring should be checked for frayed 
Insulation, and fittings checked for burns which Indicate 
an overload problem or short circuit. It Is a good policy 
to check the total house load every few years as, with the 
passage of time, one tends to forget that the circuits may 
originally have been loaded to maximum capacity before 
subsequent appliances were installed. If a house has more 
then eight light points or two power points per circuit 
then the system is overloaded and the circuits should be 
reorganized or the house rewired. 

2) General Construction 

The following comments apply to construction in general and are not classified 
according to either construction type or building type. 

The order of presentation does not necessarily follow the proposed order of 
Inspection, but rather according to material and its effect on the general 
maintenance. 

WOOD 

When selecting wood as a construction materia!, three main features must be 
considered from the point of view of maintenance. 

Problems of decay; 
Problems of finishing; 
Problems of fire resistance. 

This field, as can be seen, covers many sections of the Inspection list but 
the cause of most of the defects listed will be either improper use of material, 
or Incorrect installation of material. 

Problems of decay 

The word "decay" is used in its wide sense and Is intended to cover the following 

Molds and stains In wood; 
V/ood-destroy ing fungi; 
V/ood-destroy i ng I nsects . 

Moulds and Stains . Prior to installation in a building, molds and stains may 
not be very significant. They normally affect sapwood. 

Molds rarely stain the wood to any depth and can usually be brushed off and 
the wood surfaced. 
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staining Is often caused through Improper drying conditions and usually occurs 
In the sapwood soon after cutting. Main causes are bad moisture and temperature 
conditions, and sometimes improper stacking of lumber when air drying. The 
discolouration is often of blue-black colour and is sometimes referred to as 
*^blulng"; it penetrates the sapwood and cannot be removed by surfacing or other 
treatments Staining rarely affects the strength of the lumber for normal 
purposes, but it should not be used for work in which appearance is important. 

When seen on inspection, it need not be noted unless the lumber Is still in a 
saturated condition - this may indicate that the lumber (in a new building) 
was net cured and that shrinkage may take place causing defects to other 
c .nponents of the building. 

Stained lumber should not be used in ml I Iwork externally because, if the wood 
again becomes wet, the staining fungi m^y start up again and affect the finish 
of the wood. 

Wood-destroying fungi . These are the most serious problems In connection with 
wood in most areas, though in some areas insects are far more destructive* 

Most of the rot caused by fungi is commonly misnamed "dry-rot". This Is 
Incorrect, as no really dry wood will rot. 

The true dry-rot can be caused by one of several types of fungi with water- 
conducting strands. These fungi thrive on moisture and cause decay in wood 
by breaking down the fibre structure. A true dry-rot will only exist in a 
damp place with little or no ventilation and the elimination of these two 
conditions will stop the further progress of dry-rot, provided that all 
affected timber is removed and all non-combustible surfaces burned off with a 
blow lamp to kill any live spores that may exist. The surface should then be 
treated with a chemical preservative compound, and for safety, new timber 
Installed should be similarly treated. 

Most of the wet-rots that occur attack both sapwood and heartwood. The surface 
growths are usually fluffy or cottony; they are rarely powdery, as are some 
molds and some species of dry-rot. They consist of rootlike strands fanning 
out over the wood and are usually white or brown. In the early stages, the 
wood discolours but, as internal rot occurs, fruit-bodies may appear on 
the surface. 

The fungi normally live off the wood, white fungi usually living off the llgnin 
In the wood^ and the brown fungi living off the cellulose in the wood. 

Briefly, these are the facfs behind wood destroying fungi. Methods are now 
described as to how fungus attack can be prevented in buildings and what stops 
can be taken after attack. 

Precautions must be observed, firstly, when building, and secondly, when making 
repairs. When building, do not use unseasoned or infected wood; build in such 
a way as to prevent wood from becoming moist enough to decay, as all fungi 
need moisture to livt;. The following points should all be watched both in 
building and when maintaining a building. 
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1) Lumber whlch^ of necessity, Is exposed to the weather and moist conditions, 

should be rot resistant or treated to make It so. 

2) Lumber should not bo placed in contact with the earth - thus, mud sills 

should not be used. 

3) Lumber must be wel l-ventf lated, especially on lower levels or In roofs 

where teaks may occur. 

4) Concrete must be allowed to dry fully before covering with a floor of wood* 

5) Lower rails and sills of windows and thresholds of doors should be designed 

to prevent accumulation of water on undersides which could 
start to rot - when checking a wood sash, use a pocket knife 
and probe the underside of the lower rail where it meets the 
stile, as this is the most probable place for rot. 

6) When replacing or repairing rotting timbers or wood, take out the v/hole 

piece or,, in any case, rake out at least two feat of the wood 
beyond the last visible point of decay. 

Wood destroying insects. The number of insects that may damage or destroy 
wood varies accorcing to location and Therefore a short list of common insects 
will be given and brief indications of type of damage. 

Beetles 

Bark Beetles - are of many types, the most common being the spruce bark beetle. 
It normally thrives on freshly-cut lumber but, can do considerable damage 
to standing timber. There are bark beetles tha"J attack hardwoods found mainly 
In the Eastern provinces. 

Powerpost Beetles - the most common is the lyctus species which. In the main, 
attacks hardv/oods, usually the sapwood. The eggs are laid on the pores of the 
wood and the larvae burrow into and through the wood and emerge, usually in 
June or July, as winged adults and recommence the cycle. The only indication of 
their presence is the fine powder trail leading from the small hole in the 
wood (1/12" or 1/16''). In new lumber, this should cause rejection; in lumber 
already installed, the lumber should ba thoroughly inspected to ascertain tho 
extent of the damage (probably by checking the number of flight holes). If 
damage is slight, the whole surface should immediately be treated with a 
special compound to kill any eggs that may have been laid and to ensure that 
any larvae present in the wood are killed. The whole of the building should 
be so treated as, if the female winged adult is present in the building, any 
other timber could be damaged. Damaged timber removed should be burnt immediatel 

Termites - In this species group are the termite proper and the carpenter ant. 
However, precautions against termites are suitable for carpenter af»ts and 
therefore general descriptions will refer to both. There are over fifty species 
of termites in the United States, the principal damage being caused by the 
subterranean termites which cover all but the Northern Mid-V/est States and the 
Northern sections of tho Eastern States. The other species group Is the dry 
wood termi^es, found only In the very southern parts of the Southern States 
picludlng Florida, California, Texas, and New Mexico. 
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Tennltos (subterranean) - I fve In colonies In the ground and live off wood 
for food; the damage Is caused by worker ants who supply the underground 
colony. At certain times of the year^ winged ants (male and female) fly put 
and establish a new colony. This often occurs when there is a sharp rise in 
temperature in the outside air. This should oe a warning that termites are 
close at hand and therefore the building should be examined for termite 
damage. In many parts, especially on the fringes of forest areas, this will 
occur constantly each year, therefore it is wise to ensure that all buildings 
are constructed in these areas with adequate termite protection. The 
principal defense against termites is the concrete foundation; in the case of 
concrete block foundations cement mortar should be used, for some termites 
will burrow through lime mortar. All basements should be covered with a concrete 
slab; in all crawl spaces a 2" ground seal of concrete should be poured. 
All form lumber must be stripped from the concrete and not left as food for 
termites. 

In areas where termites are very active^ metal termite shields are fitted in 
addition. If nests are discovered, they should be destroyed and sealed off. 
These notes are included for the sake of presenting the broad picture, but 
termites are not believed to exist In Nova Scotia. 

Carpenter ants can be killed by swabbing the affected timL^rs with 
orthodichlorobenzene or carbon disulphide. Care should be taken with carbon 
disulphide as it is both toxic and inflamnable. If a trail of fine sawdust 
is found anywhere in a house, strip off the siding or finish nearby and check 
horizontal joints of sheathing for often it is here that evidence of insect 
attack can be seen. 

Marine Borers - The most common of marine borers is the shipworm or teredo, 
which can do nuch damage to wood. In the early stages of growth, it is a 
minute, free-swimming organism which seeks a place on a floating log and burios 
Itself; as it bores, it grows a pair of boring shells, the tail remaining at 
the entrance to the v/ood to pump sea v/ater through its system. The borer lives 
on wood borings and organic matter from the sea water and may vary in size 
according to the number present from a few inches to as much as four feet, 
although rarely do thoy exceed nine inches in length. 

No further teredo damage will occur after the wood leaves the water. 
Problems of Finishing 



In maintenance of a building, one of the most important Items is the decoration 
and finishing of the various surfaces of The buildings. Today, with the 
trend away from wood in doors, windows and other features, the importance 
of correct finish treatments for wooa seems to be diminishing and^ with the 
advent of the new alkyd, latex, and other new-based paints. The reasons 
for the older treatments tend to be forgotten. 

It Is well to renxpmber, hov/ever, that although the modern paints may achieve 
what the makers claim ever the snort period that they have been in service. 
It is still quest ioneo whether they will last as long as some of the older, 
>re carefully-applied lead-based paints. 
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Wooden objects have been recovered from 
the tombs of ancient kings in a perfect state of 
preservation, and wootlen ruof structures have 
often lasted for centuries without deterioration. 
Many old wooden implements and pieces of fur* 
niture in homes and museums are as strong 
and serviceable today as they were when made 
sometimes hundreds of years ago. Pile foun- 
dations, too, in water and in soil, demonstrate 
the durability of wood. 

On the other hand, there are Biblical re- 
ferences to fungal decay wh:ch indicate that it 
has been a problem since man first learned to 
build with wood. At the present time cases 
come to the attention of the Division o: Build- 
ing Research where cxtcsi-o rotting has tiken 
place of wood floors and rojf.* .n as Vitth. as 
two or three years. Sometimes, when incipient 
decay has gone urnotired, almost ccniplete 
destruction has occurred in only a few years. 
It is usLally difficult or even impCb5iL»ie ir '■e- 
pnir such damage, and the only solution may 
be the complete replacement of the buildug 
elen^,ent involved. 

V/ood does not decay simply because it is 
f.'^t. but 'Vjcause it has been attacked by fungi 
rc<ic; ra:.;yr special conditions of moistuic and 
to""f-£r:i:ui'.^. The diiir»tej."at*on and uhimr te 
Cj i^y^Aih^n rf wood subst nee, known as rot- 
t:.:j, in :I.e result of tht» growth of fungt in the 
v/ou'.l tis.ue. In order to prevent decay it is 
nv'u;5.nry k.iow the nature of the fungi that 
irttacic v/o i'J and the conditions ncccs^iary for 
their 5if->.- *, ft may then be possible to modify 
iu s^i .'.-V iditions or ticat uie wood to pre- 
Vfrt :m "ttp* of fungal growth. 



Nature of F^ngi 

Fungi are generally regarded as a highly 
specialized class of plants that e.xhibit great 
divers;t>' of form, are e.xceedingly numerous in 
both numbers and species, and have the means 
for incredibly rapid multiplication. They do 
not possess chlorophyll, and unlike green 
plants are unable to build up sugar and starch 
from the carbon dio.xide in the atmosphere. 
They feed on and thus decompose a wide 
variety of organic food materials. They are 
reproduced by bodies known as spores, which 
roughly correspond to the seeds of higher 
plants e.xcept that they are very much smaller 
usually orodrced in much larger numbers. 

When the spores of fungi fall on a suitable 
medium tender moist ccnditio.is they germinate 
:>omewhat in the manner of sreds. The spore 
wall bursts and :t minute tube, called a hypha, 
grows forth. The hypha bran':hes and the tiny 
.aoes begin to permeate the soil, compost or 
wood medium on which the hyphae are grow- 
ing. With wood-roitmg fungi the hyphae spread 
through the wood, disintegrating the cell walis 
and reducing their strength. The web or mat 
of tissue formed by the branching hyphae is 
known as the mycelium or spawn, it may take 
the form of root*like strands by the aggregation 
of hyphae, or thick sheets by the matting of 
the hyphae. 

When fungus has been growing for some 
time .md has built up a sufficient mxss of 
mycelium, it usually proceeds to form fruit- 
bodies, sometimes called sporophores, on the 
surface of the medium in the form of toad- 
stools, fleshy or woody shelves, or encrusting 
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sheets. Their appearance usually indicates a 
fairly advanced stage of wood decay. It is the 
fruit-body on uhich fresh spores arc formed, 
and their location on the external surface al- 
lows for discharge into the air to complete the 
growth cycle. 

The reproductive power of fungi is fantas- 
tic when it is considered that a square-foot- 
area of dry-rot fungus fruit-body can produce 
five million spores per minute over a period of 
many days. These microscopic dust-like par- 
ticles are shed in clouds from the mature 
fruit-bod), and being very light can remain 
suspended in the air and drift for long dis- 
tances. There is therefore every likelihood that 
spores of wood-rotting fungi will be present 
wherever wood is used. 

Conditions for Fungal Growth 

Whether or not wood decays will depend 
on the conditions to v/hich it is exposed and 
whether these condi'.ions are favourable for 
fungal growth. There are five essential condi- 
tions for gern:inatjon and growth, and it will 
normally be possible to prevent wood decay if 
any one of them is removed. These conditions 
are listed below: 

1 source of infection, 

2 suitable substrate (food), 

3 moisture, 

4 oxygen, 

5 suitable temperature. 

Source of Infection. If infected wood is in con- 
tact with sound wood, the disease will spread 
to the sound wood by normal growth of the 
fungal hyphae from the decayed wood, even 
without the production of spores. Infection 
may also spread directly from soil to wood in 
Contact with it, because most soils contain 
quantities of organic matter in *vhich fungal 
organisms are growing. Even wj .i there is no 
contact between sound wood and infected 
materials, the space between can be bridged 
by airborne spores, as has already been indicat- 
ed. Although some locations may be worse 
than others, it is almost certain that in any 
area some airborne fungus spores will be pre- 
sent. 

Substrate. Wood provides a suitable substrate 
for fungus growth, and the celhilose, lignin, 
and other components of the cell walls and 
wood tissues provide suitable food. Some 
species of wood are more naturally durable 
because (hey com,un substances toxic to fungi, 
and the hcartwood of these will only be attack- 



ed by certain fungi. It can be generally as- 
sumed, however, that no wood is entirely 
immune to attack if placed in conditions fa- 
vourable to fungal growth, allowing for some 
variation in the susceptibility to decay of dif- 
ferent kinds of wood. It is possible to eliminate 
the food supply by treating it with certain sub- 
stances toxic to fungi but harmless to men and 
animals. This is the basis of wood preservative 
treatment. 

Moisture. The development of fungi on wood 
is largely controlled by the moisture content; 
all wood-decaying fungi require moderate 
amounts of water for growth. If there should 
be insufTicient moisture, after growth has 
started, the fungi do not necessarily die, but 
will probably become merely dormant. Active 
growth can start again, sometimes years later, 
when sufficient moisture returns. 

It is necessary for the substratum to be 
moist and the humidity of the surrounding at- 
mosphere to be high for the germination of 
fungal spores. Wood always contains a certain 
amount of moisture; air-dried wood may con- 
tain as much as IS per cent, although it is 
generally considered that wood in this condi- 
tion is immune to fungal attack. About 35 to 
50 per cent moisture is required for wood rot- 
ting fungi to flourish, the actual moisture con- 
tent depending on the species of fungi and the 
kind of wood. Fungal spores do not germinate 
readily on wood that has a moisture content 
below the fibre saturation point, commonly 
reached at around 25 to 30 per cent. Wood can- 
not be considered immune, however, until the 
moisture content is below about 20 per cent, 
as is the case in most buildings in Canada 
(CBD's 85 and 86). WTien wood is put into 
service at such low moisture contents, subse- 
quent conditions can cause high local moisture 
contents, which may be conducive to fungi 
growth. Once started fungi can produce a cer- 
tain amount of moisture by the chemical de- 
composition of the wood, and can thus increase 
the moisture, content of the wood if evapora- 
tion loss is low. 

Oxygen. All wood-rouing fungi require some 
air for growth, and many species die quickly if 
they are deprived of it. The air-moisture ba- 
lance in the cells within the wood, therefore, 
is a most important factor controlling the sus- 
ceptibility of wood to decay. Fungi need oxy- 
gen for the oxidation of sugars, which they use 
for growth and the supply of energy. The 
breakdown of carbohydrates in the respiration 
process produces water and carbon dioxide. 
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If there is r.o interchange of air, the fungus 
will die from suffocation by carbon Jic^ide. 
For example, .vhen cell spaces arc completely 
filled with w^:e/, as they are when wood is 
sub.uer^ed in water, the air supply is cut off 
and ?rovvth is stopped. Burial in the ground 
bclov. !hc water table will similarly cut off the 
ai&* 5upp«y. 

Temperature. Thr growth of wood*rotting 
fungi is afiec;i-.l •> r.itMro m nuuh li.e 

same way a.\ r. iscir. or.Sirsao ^reca 
plants. It is f 1. 1 ;.i v% uc. i.w in 
cold. Iht.J . J .... til Xl'j ,»:,.vj:-e to 

temperature, ..n' c.uh >pccuN mtrc i.. an 
optimum at wli.:- i^.v^Nih is mo^t i:tpid. tests 
by the Forest Pu.i. { ,i . - :a rie^. .^-d others 
on a number of s^vt.js i»- ri.:* '« v ••.•u i< n ir*. 
Canada indica* : temp^-- .c c •ij-^i-*.; 
for optimum g.ov.th range fr.;in oi u« V; F. 
All fungi show h r!^ cr no growth at ireezing 
temperatures ?;..ht!v a^ove. but most woud 
rotting fungi ar^ ■. ot ;:. i.-i? by tempe:aturcs 
well belcv the :r: . f^.-i.::. Thcv .".n vwlh- 
stand the cold ^.i ...'»:r in a dorr aat Jtatc and 
can recommence active gro\\th when tempera- 
tures tnciease again ii other cc>nJir!OP^ arc 
right. 

Growth becomes le<:s rapid as temperatures 
arc increased a-'ove 9% ^ and ceases fu.' :uust 
fungi a: tein(..""t.nires slightly in e.xcei,s of 
100"/. Wu*./.^:1 CA^^-C'^rc :o tcrpc"! "jres 
sUghclv *'>o'v I Ik* n^jximtim for ivro wti . el- 
even short c\pf,«^,e to i'.':Ttpc.u.:c5 muc:^. 
above the n": * -.: -. onn ki:- n.iot. » .o.n. L;;. 
ly. The acturJ Jet.' •••i.ni is iu:!- J. ^- m ^\ tjn. 
pcratuie. le.i^ih of it. ic ai^i inLi>:'.;.'c c;.nicr.:. 

ITie pnctiv.'.! c.;«>c*u«l. n. tKcri*iore. h V.K.t 
in most iv»ca.:»M. v.tvj.-j 'soi..! i> u-.j.: ..^ hj ^iJ- 
ing elenscnts it n:.^i- Mi,jop:l,sie to decay in 
sumincr t!:an in winter.. 

Other Factors. In addition to the essentials for 
growth of 'wvi-rciting iangi. these .ir-j other 
factois that ;t) . i nve an cifc:t. Li^tht usiuPy 
ha^ a |etwrditi.'. • vfuoncc. ..m! expo'^ur.* to in- 
tense li^^ht s iLh :>i ii»h: S'lnliuht cim the 
mycelium of joi.-.c «cp<;,:.'c<. N(.^s-. >p-Ci:s grew 
moie vigofously in >i:n.ii'jd :*i;ht. L^u; sonfj cc 
not grow iiofmaPy i;: total da. knosi. 

The acidity and alkalinity of the wood can 
also have an effect. M»>^t woo<!-rotting fungi 
flourish on materials th:U are sli^htlv aciJ. and 
very fc^ c.in tolerate alkaline conditions. Or- 
gairc acids arc produced bv fungal growth, 
thereby incrcnsinijj wood acidity. This may be 
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a frctor in the corrosion of metal fittings in 
contact with the wood. 

Treatment of wood with nitrogenous ma- 
terials stimulates growth of wood-rotting fungi, 
and contaminarion of wood by urine or nianure 
can increa:»e susceptibility to decay. 

Effects «f Ppcay 

The decomposition of '.vood by fung^ h cf 
two r. -^Jn ;vpfs, n::ro eferred to as brown rot 
aih! wii::.; »^r., U\ ' r^yn rot the cellulose and 
iK u!.:u d j»c»i:u:)*;ns arc attacked wnile the 
Iii»:.:a is more or less unchanged. This causes 
\vood ;o darken in colour, and to shrink and 
c.er. .-crack into rubicai or oblong pieces that 
can he readily b«okcn and crumbled between 
the ii.igc.s ii.to a brown powder. 

In white rot all the components of the 
wood, inci iciing :he li^nin, may be decompos- 
ed ?.ri rsed by the glowing fungus. \Vhhc rot 
doe<; produce cror j-crackinc. but the wood 
bee .lies ».aler in colour, sometimes in pockets 
or ^:rcak^ of vnrious sizes with firm wood in 
bc'vveen. and may eventually become a fibrous 
wr'tish m.us. In sonie white rots, however, the 
cciiulose may rcniain intact. 

Decayed wood is less dense than sound 
wood, may <:ufTer a Ic^s of -tr*»n<"h. even with 
incipient dec-*/, ^iirlnki c.ce^s.'veK o.. crying, 
shows changes cf coioui and c.'ten ♦ .hL..^c cf 
smell. In t'::c au' anccd stage of decay »( rr?> 
become pi.nKy. jcft and :pr v. fir-jv. r»5- 
sr.aKed. p=tl-d or cru nc* •. I'ho lots of .-^V 
fcr h '.' ' • r,^: .: c it 70 per cent, since The 
Ji r.i- » .. p -t for v/hit^ ro, drs- 
tr'-.. c.\ - - ven sli«;^t dc-ay coi re 

d::cu ; ..-v. or shock .'loiVf.-.nv-i of 

wor.i ut't V. U u- breaK easily ^ndet- i-ipact 
a!!.^»,rr: It ma* ^ti*: appear hard and tirn 
the ;.;uwh. ''•'unK: thit ciu^e Drown .ot usually 
briris! a -ciit a .n-Tc luoid Jiop it: most stre-.r,." 
propt.'.ie; thrn do th >st :uui cau^c wni e rots, 
but bc'ih t\QiS en /educe :!ic « -ruroiei** vf 
any wood they attac!'. The frcbh : ad r :sir.ous 
srnelJ of 'cund v/oo< j usually replaced by a 
di'.i rctixc mu-.hrcjf. odour as .*ood decays, 

Siim* wooil-rc'.t -g fuag: produce -rharac- 
tcpst.'c ar,<ma!'c or vcet smells. 

T}p€;s of Fungi 

By e.xamination of rot and any fruit-bodies 
that may have developed, wood pathologists 
can usually identify a srcci::s .*U(i moderate 
certaintv. but It may somccnes di.T.-.i-: 
even for spccialist> to in.iKt sur*» an 'denti- 
rtcation and det':rniii«e wh-ju , r thv .pc :ies are 
active or iiiac'ivc. fAtcnst^c laitoravry work 
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may be necessary. Expert advice is essential for 
oetailed determination, but the building prac- 
titioner should be gcneraMy aware of the fungi 
that may be involved. 

The Forest Products Laboratory of the 
Canadian Department of Forestry and Rural 
Development lists five types of' building-rot 
fungi that are of importance. These are Len- 
2tt€S saepiaria, Lcndies irabca. Femes roseus, 
Lentinus lepideus, and MeruHus lachrymans. 
• All can be active agents in the destruction of 
wood in damp locations, but two of the five 
arc perhaps the most common. Lenzites saepi- 
aria is probably the most active destroyer of 
softwoods and has been identified in many of 
the Tolted wood roofs in Canada. Merulius 
lachryhMni, sometimes referred to as the true 
**<Jry-fot'* fungus, does extensive damage to 
buildings in Europe and also occurs fairly fre- 
quently in Canada. It ha» great virulence when 
once established. 

Lenzites saepiaria is a brown rot, which in 
its early stages yellows and softens wood, and 
may ^ist M a laminated appearance because 
decay begins and proceeds most rapidly in the 
spring or sap-wood. Rot may occur in pockets, 
which merge as decay proceeds. Shrinkage and 
checking take place both raJiaily and tangen- 
tially, gradually reducing the wood to a yel- 
lowish-brown fr;able ma^s. Fruit-bodies arc 
comparatively small, yellowish or orange yel- 
low at first, later clunking to a ru-ity or dark 
brown. 

Merulius lachrymans grows very profusely 
when once cstablii' ed on damp uo'-^il, pfoJ«»c- 
ing snov^y white mycelial mc::s f'cn wiiich 
glistenips ycllov/ or lil..c coloured mc-kiMre 
drops u:ually exude. It requires rather constant 
conditio.is of temperature and humidity for its 
grovi/th :ind thrives l^-A in unveritilnted places 
where the air is q..ire sji'l. Wooi dccnvod by 
the fun.^ts is pale brov/n in colour, and bi- 
conics broken up ir.;o lariie brick shaped pieces 
as it dri-js and bhrink>. The decayed wood is 
easily crumbled to powd-:,- between the finccr*;. 
Fruit-bodies are forincd in shapes soniewSat 
resembling pancakes on horizontal surfaces, 
but may form shelves on vertical surfaces. The 



surface of the fruit-bodies is tough and wrinki 
cd, md on it millions of rusty red spores arc 
formed. 

From the centres of profuse growth of 
Merulius lachrymans fungus can send out 
mycelial strands which may pass over or 
through brickwork, plaster or other building 
materials. These strands can transport water 
from the damp place in which the fungus first 
established itself to wood of low moisture con- 
tent at some distance, thus wetting the wood 
and starting new fungus growth. 

Conclusion 

Dampness is one of the. five essential con- 
ditions for fungal growth and should be the 
easiest to control. If dry materials are used in 
building and moisture can be prevented from 
reaching or accumulating in wood portions of 
the finished structure, rotting will be eliminated. 
Dampness in a building or in some element of 
a building can be attributed to a lack of con- 
sideration during design, poor workmanship 
during construction, neglected maintenance, or 
some combination of these. To prevent it the 
designer needs to pay particular attention to 
rain penetration, ventilation and condensation, 
as described in previous Digests. The contractor 
should protect materials against moisture and 
take ca'-e with construction" details to avoid air 
leakage paths. If the building is reasonably vvell 
designed and constructed, little /nainjrfinan«p 
may be required, but undetected Jcaiacc m 
roofs or drainage systems can provide thcr^lamp 
conditions necessary for rotting, {t js therefpre 
essential to have regular inspection an3 mainte- 
nance^ procedure?, 

Wh.*n r'oisiure cannot be controlled or wood 
has to be placed in wet locations, adequate 
trentment with wood preservatives will effec- 
tively control decay. 
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Notes to Student 

L In undertaking this test you are assisting In *ng your program 

of Instruction. Your answers to the questions w i. /asult in a score being 
assigned to you. Unless you have had previous exposure to building construction, 
It Is expected that your Initial score on this test will be quite low. After 
you. have completed the programmed learning book, you will be asked to repeat 
this test paper again. You may take as much or as little time as you need 
to complete the book, so long as It It completed within this term. 

The mark made on the second attempt at this paper will be your term mark. 

2* Answering the questions should be relatively easy, simply check, or under- 
line your ctK)lce or choices In the multiple response questions, or fill In 
the appropriate words where blanks are left, or complete sketches where this 
Is cal led for* 



SCHOOL OF ARCHITECTURE 

NOVA SCOTIA TECHNICAL COLLEGE 

CONSTRUCTION TERM • 


NAME: 

TEST PAPER 


1. What Is the simplest function of a bulldlni 

a) To enclose space 

b) To separate environments 

c) To provide shelter 

d) To provide space for activity 


g? 


2. The roof Is a elerr 
It must support 

a) live load 

b) dead load 


ent 


3. The load bearing member In a wood flat rue 
a) rafter, b) pinlln, c) Joist 


f Is known as 


4, The Inclined load bearing member In a wood 
a) a rafter b) a pinlln, c) a Joist 


' roof Is known as 
d) a truss 


5. The truss uses the principle of • 
shorten Ina the effective 


, as we 1 1 as 
of the members. 



6. a) The effective span a) Is b) Is not the actual length of a Joist 



b) The area of joist support Is known as the a) plate b) support 
c) baaring d) bridging 



7. (Stiffener) fstrapptng) (belting) (bridging) Is required to counteract 
buckl Ing. 



8. The two methods of counteracting buckling In common use are 
and • 



9. A method of counteracting buckling Is required at 

a) 2*0"o.c. b) 8*0"o.c, c) half span d) at Joist ends 



10. Between the Joist and the bearing surface a 

a) disc b) plate c) platen d) bolt e) pad Is located. 



II. At junctions between structural horizontal wooden iupport members and 
concrete walls It Is neccessary to ensure that 

a) The wall Is level, b) the wood member Is level, c) an airtight JoMt 
Is made, d) a watertight joint Is made, e) It Is securely fastened down. 



il 



12. For what purpose is an anchor bolt used? 

a) To prevent structure from slipping off supports 

b) To locate structure to supports 

c) To hold structure down 

d) To hold structure up 



13. The basic difference between the two major types of light wood frame 

construction is that in frame the stud?, are 

continous through the height of the building whereas is 

frame the sub floor acts as a surface on which subsequent 

operations can be carried out 

(Western) (balloon) (Eastern) (plane) (surface) (platform) (braced) 




15. The load carrying components in framed construction are known as 
a) studs b) joists c) posts d) Ifntols e) beams 



16. Load carrying components, due to material sizes are normally placed, 
a) l2"o.c. b) l4'*o.c. c) l6"o.c. d) t8"o.c. f) 24"o.c. 
g) 30"o.c, h) 4'0"o.c. 



17. What is the minimum size of lintol required to span an opening 6^0" wide? 
a) 2/2"X6" b) 4" X 6" c) 2" X 12" d) 4" X 12" e) 4" X 8" 
f) 2/2" X 8" g) 2" X 6" 



18. A joist hanger is used a) to hang vertical members off joists 

b) to support light fixtures c) to connect dissimilar materials together 
d) to connect differing sizes of members together e) to give level 
top surfaces to a groups of members f) to give level bottom surfaces 
to a group of members, g) to connect joists to headers, 
h) to hang joists from other members. 



19. A floor consisting of 2" X 10" joists @ l6"o.c.is required to span 20^0" 
Is It possible to span this distance without additonal support? 
Yes No 

If your answer was no, what additonal support would you use 
a) Concrete beam b) steel joist c) wall, d) beam 



20. 


A board foot of wood is a) a 
b) a piece of wood 4" X 8" X 
d) a piece of wood 12" X 12" 


piece of wood 12" X 12" X 12" 
12" c) a piece of wood 4" X 8" 
X 1" 


21. 


20' span, 26 joists 2" X 6" , 1 


low many board feet? 


22. 


The continous support bearing 
as a a) strip b) pad c) 


on the ground and carrying a wall is known 
plat© d) ribbon e) trench footing. 
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23. The support member bearing on the ground and carrying a column or post 
is known as a a) strip b) pad c) plate d) ribbon e) trench 
f ) pi loti g) pi le footing 



24. The ultimate ability of the ground to carry load Is known as 

a) spread load 

b) ground bearing pressure 

c) ultimate ground bearing pressure 

d) footing load 

e) allowable ground bearing pressure 



25. Footing drains are used to a) drain off excess water 

b) prevent leaks in basements 

c) prevent building from floating 

d) lower ground water table 



26. 



This is a 



foundation- 



Jii.., 



FT'* 



This is a 



foundation. 



This Is a 



foundation. 



( strip ) (pad) (plate) (ribbon) (trench) (plloti) )raft) (floating) (caisson) 
( bored pile ) (driven pile) (friction pile) (end bearing pile) 



27. Movement of a building takes place 

a) vert lea I ly 

b) horizontally 

c) diagonal ly 

d) vertically & horizontally 

e) i n al I di recti ons. 



28. Concrete Is composed of a) sand and cement b) aggregate and coment 
c) fine aggregate, coarse aggregate and cement d) Cement, water 
& aggrogato e) crushed rock sand, water, cement f) sand, water & 
cement 



29. The hardening of cc ;rete Is a result of 

a) the evaporation of water b) the absorbing of water 

c) the entrapment of air within It d) the combination of water with coment 
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30. The strength of concrete Is Influenced by 

a) The thorougness of mixing b) the amount of cement c) the amount 
of aggregate d) the amount of pit entraped e) the amount of water 
f) the weather conditions at time of placing. 



31. Concrete is (strong) (weak) in tension, and (strong) (weak) In compression. 



32. Concrete cover is required over reinforcement to a) Ensure bond 
> b) to preveni" spalling c) to protect It form effects of fire 

d) to protect from corrosion e) for appearance 



33. An exterior wall consisting of 2" X 6^* studs at* l6"o.c. Is to be clad 
with cedar shingles a) It does not require sheathing 
b) It requires 1 1/16" boarding c) It requires 3/8" gypsum board 

d) It requires 5/16' exterior quality plywood* 



34. The following materials as applied to wood frame construction are 
a) claddings b) veneers 

wood, asbestos, steel, aluminum, plastic, slate, clay tile. 



35. The following materials as applied to wood frame construction are 
a) claddings b) veneers 
brick, stone, clay tile, reconstituted stone 



36. Cladding is used as a) A protective finish to the structure 

b) An aesthetic skin 

c) To waterproof the structure 

d) As a primary weather barrier 



37. What are the four elements of a wall? 

I. 



2. 



3. 



4. 



38. What are the three elements that result In rain leakage. 

I. 



2. 



3. 



V 



39. In order to keep thermal movement to a minimum should one 

a) keep the building warm 

b) insulate the building thoroughly 

c) keep the building cool 

d) maintain the structure of the building at an even temperature 



40. Where should insulation be placed in external walls? 

A) Within the wal I 

B) On the inside face of the wall 

C) On the outside of the wall 



41. A pitched roof is satisfactory because 

a) It uses overlapping units 

b) It permits ventilation of the roof space 

c) It takes advantage of the effects of gravity 

d) It does not require to be perfectly sealed 



42. For successful performance a perfect Impermeable membrane Is required 
a) for all roofs b) for curved roofs c) for flat roofs 
d) for pitched roofs. 



43 • With the current state of technology windows are 

a) Neccessary to admit light 

b) Neccessary to provide ventilation 

c) Neccessary to provide a view 

d) not neccessary 



44. Large areas of glass in the external walls of a building are undesirable 
because a) Excessive glare is produced b) Excessive heat gain results 
c) Condensation occurs on glass d) Cold drafts occur e) They are 
expensive f) Excessive heat* loss occurs g) They leak 
h) They are expensive to Install and maintain. 



45. Icing will occur on windows a) when outside temperatures fall below 32^F 
b) when surface temperature of the window falls below 32^F c) when 
inside temperatures fall below 32^F d) when dew point Is reached 
e) when surface temperature falls below 32^F with condensation present 



46. Thermal breaks are required In windows whose frames are mode of 

a) aluminum b) stainless steel c) steel d) plastic e) wood 



47, The most likely place for a well designed window to leak Is at 

a) the head b) the cill c) the jamb d) the glazing beads 

e) the junction of head & jambs f) the junction of frame & glass 

g) the junction of frame & wail 
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48. The optimum location ^or a sealant In a window component is 

a) at the outnide face of the component 

b) at the inside face of the component 

c) centrally between inside and outside face of component 

d) at both inside and outside faces of the component 



49. Satisfactory sealant joints are achieved by using 

a) as much sealant as possible 

b) as little sealant as possible 

c) an even bead of sealant 

d) a carefully controlled arrount of sealant 

e) a sealant bead of controlled shape 



50. Sketch two typical sealant joints a) for a butt joint 
b) for a right angle joint 




51. An airtight seal between opening leaves of doors or windows and frames 
Is achieved by 

a) Use of gravity 

b) Compression of gaskets 

c) Use of tight fit 



52* In a built up roof the waterproofing is provided by 

a) the felt 

b) the topping 

c) the bitumen 

d) the V.B. 



53. A built up roof Is reinforced with 

a) steel 

b) fibreglass 

c) felt 

d) bitumen 



54. Pitch (is) (is not) compatible with asphalt 



I 
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55. Pitch is not compatible with the following insulations 

a) Fibreboard 

b) Glass fibre 

c) Poly styreme 

d) Cel lular glass 

e) Poly urethane 

f) Mineral fibre 



56. Gravel surfacing on a roof Is provided to 

a) Waterproof It 

b) Protect the bitumen from the sun's rays 

c) Act as an aesthetic finish 

d) Act as a traffic surface 

e) Act as fire protection 



57. N.i.S. is (a) satisfactory (b) unsati factory as a finsished surface for 
a traffic free roof. 



58. A roof coating is a) superior b) inferior c> equivalent to NIS as a 
roof finish 



59. Moisture entry from below the roof structure Is controlled by 
3) The roofing membrane 

b) the insulation 

c) the structural deck 

d) the Vapour barrier 



60. Which of these Insulation materials can be used exposed to the elements on a 
roof. 

a) Glass fibre b) Fibreboard c) Poly styrene ^oam d) poly urethane foam 
e) cellular glass f) straw fibre g) mineral fibre 



61. The surface protection provided for insulation where It Is not generally 

accessloio can be a) A water resistant material 

b) A material opaque to U.V. 

c) A reflactive material 

d) An elastic material 

e) A heavy material 



62. Flashings are used to a) provide a neat appearance where the roof joins 
other elements 

b) provide a robust finish at points susceptible to impact damage 

c) provide a watertight connection at changes In materials 

d) provide a Tlexible watertight connection at changes In materials^ 



63. The top of a cap flashing should be 

a) flat b) sloped c) sloped towards roof d) pitched e) sloped away 
from roof. 
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